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BBEJAEHHUE

I[TJINC — uudpossie BUC BBICOKOW cTENEeHW WHTErpaIuH,
UMEIONIME  MPOrPAMMUPYEMYIO  IOJIB30BATEIEM  BHYTPEHHIOKO
CTPYKTYPY M IpEIHA3HAYCHHbIC I pean3alvy  CIOXKHBIX
nudposbix ycrporicts. UcnonszoBanue [IJIMC u CAIIP nmo3Bosser
B CXaTble CPOKM CO3[aBaTh KOHKYPEHTOCIOCOOHBIE YCTpOicTBa U
CHUCTEMBI,  YAOBJIETBOPAIOUIME HKECTKUM  TpeOOBaHMUSIM IO
HPOM3BOIUTEIILHOCTH, YHEPronoTPEeOIIEHUIO, HAJEKHOCTH, Macco-
rabapuUTHBIM IIapamMeTpam, CTOUMOCTH.

[IJIMC mupoKo HCTONb3YIOTCS B KauecTBe MHTEP(eCHbIX
CX€M, B MUKPOIIPOLIECCOPHBIX CHUCTEMAaxX JUIsl OpraHu3aluy oOMeHa
U CTBIKOBKH pa3nnyHbix MC mMexay coboil u ycTpolicTBaMH BBOJIa-
BeiBoia. B Gasuce IIJIMC Moryr OBITH CHPOEKTHPOBAHBI
Joruyeckue OJOKM M CHUCTEMbl, IpeoOpazoBaTead  KOJIOB,
nepugepuiiiple  KOHTPOJUIEPbI, MUKPOIIPOrpaMMHBIE YCTPOICTBa
yIIpaBJICHMUS, KOHEYHbIE aBTOMATHI, YMHOXUTEIIH,
MUKPOIIPOLIECCOPHBIE Spa U Ap.

O0paboTKa CUTHAIOB MOXET OCYLIECTBIATHCS C MTOMOIIBIO
pa3siIMYHBIX TEXHUYECKUX CPEACTB. B mocienHee npecaTuieTue
JUIUpYIOIlee  TOJIOKEHHEe 3aHMMaeT mudpoBas o0paboTka
curHanoB (LIOC), xoTopass Mo CpaBHEHUIO C aHAJOTOBOH HMeeT
CIeNyoIMe IPEUMYILECTBA: Malyld  4YyBCTBUTEIBHOCTH K
napaMerpam OKpY>Karollen Cpensl, IIPOCTOTY
[epEenporpaMMUPOBAHNS U IIEPEHOCUMOCTD aJITOPUTMOB.

Onnoit u3 pacnpoctpan€unsix onepauuii [{OC sBnsercs
¢wibTpanus. Bua uMOynbCHOM XapaKTEpUCTHKU  IM(POBOTro
¢mwieTpa (LID) ompemenser ux genenue Ha LD c koHeUHOH
umnynbcHol  xapaktepuctukord (KUX-dpunstper) u LD ¢
0eCKOHEUHOW UMIMYJIbCHOU XapakTepucTukoi (BUX-punbtpsr).

Hlupokoe mnpumenenne 1udpoBeix KHUX-punstpon
BBI3BAHO TEM, YTO CBOWCTBA HX XOPOLIO HCCIEJOBAaHBI.
Hcnonb3oBanue ocobennocredt apxutektypbl I[IJIMC mno3Bomser



MPOCKTUPOBAaTh KOMIakTHeIe ©  ObicTphie KUX-bunbtper ¢
HCIOJIb30BaHUEM TaK Ha3bIBaeMOU pacrpeneaéHHON apuMETHKH.

B mepBoil riaBe paccMaTpuUBAaKOTCSI OCHOBBI JTBOMYHOM
apu(MeTHKH, MpeJICTaBICHHE YHCeT CO 3HAKOM B ¢opMmaTte ¢
(buKCUpOBaHHOM 3amsATOW M pPa3IUYHbIE BHJABI YMHOXHUTEJEH
U(POBBIX CUTHAJIOB.

Bo BTopoii rnaBe paccmarpuBaercs moaenuposanue KNX-
¢mieTpa B cucreme Matlab/Simulink (maker Signal Processing,
cpera  FDATool), mnpoektupoBanne KUX-punbtpoB  Ha
MOCNEeAOBaTeNbHOW M MapajyieNibHOM  apudMeTHKax, ¢
UCIIOJIb30BaHUEM oreparuii ymMmHOkeHus ¢ HakoruieHueM (MAC),
JEMOHCTPHUPYIOTCST pa3inyHble BapuaHThl peanuszanuu KUX-
(GUIBTPOB C UCMOJIL30BAHUEM MEPEMHOKUTENEH Ha MeradyHKIIHIX
CATIIP Quartus Il kommanuu Altera.

B Tperpeii  rnaBe  NpPUBOAATCS ~ CBENCHUA IO
MPOEKTUPOBAHUIO HHU(PPOBBIX aBTOMaToB Mypa, Munu 1o
muarpamMmam  nepexonoB. llogpoGHO paccMaTpuBaeTcs MeETON
KOIAMPOBAHUS C OJJHUM aKTHBHBIM COCTOSIHHEM, a TaKKe€ METOJbI U
npueMbl (CTHIIM KOIWPOBAHUS IU(POBBIX aBTOMATOB Ha SI3BIKE
VHDL), no3Bossitorine moBeICHTh 3P PEKTUBHOCTH UCTIOIb30BaHUS
pecypcos [IJINC.

B ueTrBepToil rmaBe paccMOTpPEHBI pazNUYHbIE TMOIXObI B
MPOEKTUPOBAHUM MHKPOIIPOLIECCOPHBIX sAEp ISl peanu3aluu B
6asuce I[IJIMC ¢ wHCIONB30BaHHMEM CUCTEMBbl  BH3YaJIbHO-
AMUTALMOHHOTO MO/JICITUPOBAHUS Matlab/Simulink c
npuwiokenusmu  StateFlow  u Simulink  HDL  Coder.
MukponpoIeccopHble sipa, MNPEICTABIECHHbIE B BHUAE CIOXKHO-
¢yHKkuMOHaNbHBIX  OnokoB B Oasuce [IJIMC, mno3BossitoT
peann30BaTh COBPEMEHHYIO KOHUEMIHUIO “‘CHCTeMa Ha Kpucrtajie’.
Hcnons3oBanue Oonee BHICOKOW CTeNmeHW aOCTpaklUuUUd B
npoektupoBann BUC u clnoxHO-QYHKIIMOHATBHBIX OJIOKOB B
BUJIE TOTOBBIX MOAyJein MO3BOJISIIOT CO3/1aBaTh
KOHKYPEHTOCTIOCOOHBIC U3/IENHs B KpaTyaiiline CPOKH.



1. MPOEKTUPOBAHUE YMHOXHWUTEJIENA
B BA3BHUCE IIJINC

1.1. IBouunasi apupmMeTnka

[TonoxkurenpbHble JBOMYHBIE YKCIA MOXHO IPEACTABUTH
TOJIbKO OJHHM CIOCOOOM, a OTpUIATENIbHbIE JABOUYHBIC YHCIA —
Tpems crocobamu. B Tabn.1.1 mpuBeaeHbl B KauecTBe MpuMepa
JNECATHYHbIE 4YHCIa CO 3HAKOM U HMX OKBUBAJCHTHbBIC
NpEJICTaBICHUsT B NPSIMOM, OOpaTHOM U JIOMOJHUTEIBHOM
JIBOMYHOM KOJIE.

[Tpsimoii koa. 3Hak — crapmwmii 3Hauvamwmii paspsa (C3P)
yka3biBaeT 3HaK (0 — TOJOXUTENbHBIN, | - OTpUIATENbHBIN).
OcranbpHble pa3psazbl OTpPaXarOT BEIUYUHY, IPEICTaBIIAIONIYIO
MOJIOKUTETHHOE YHUCTIO:

3Hak

C3P M2P

0 110 1 =+ 13
1 110 1 =- 13

DTO TmpeAcTaBlIeHUE 4YHCEN YAOOHO MAfii YMHOXKEHUS H
JIeJIeHUsl, HO MpHU OINEepalusX CJIOKEHHUS WU BBIYUTAHUS ITO HE
yI00HO U MO3TOMY HMCIIOJIB3YETCS PEAKO.

B OBM nosnoxuTtenbHbIe 4hciia NPEACTABISIIOTCA B IPSIMOM
KOJIE, a OTpULATEIbHbIE — B BUJI€ JONOJHEHUH, T.€. IIyTEM CABUTA
M0 YMUCIOBOM OCH HMCXOAHOTO YHMCIAa HAa HEKOTOPYK) KOHCTAaHTY.
Ecnu z — monoxxuTtenbHOE YHCIO, TO —Z TpeacTaBisercs B Buae K-
z, rne K TakoBo, 4TO pa3psAHOCTh MONOoXKUTeNbHa. OOpaTHBIN KO
OTIIMYAETCS OT JOTOJHUTEIHLHOTO TOJNBKO BEIOOpOM 3HaueHus K.

Jomonnenne a0  eauHUIBl  (0OpaTHBIA — KO;)  —
OTpULIATENIbHBIE YHCJIA TOJY4YaloTCs IMYTEM HWHBEPCHUHU BCEX
pa3psAI0B UX MOJOKUTENIbHBIX SKBUBAJIEHTOB. CTapiiuii 3HaYaIInii
pa3psan  ykaseiBaeT 3Hak (0 — mosokuTenbHBIA, 1 -
OTPULIATENBHBIN).



Tabmuma 1.1

[IpencraBienue yncen B IpsIMOM, OOpPaTHOM U
JIOTIOJTHUTEIILHOM YEThIPEXPa3psiIHOM IBOMYHOM KOJIE

4 co [Ipsmoit OOpatHbIi JloToTHUTE TBHBIH
3HAKOM KOJ Kkox* Kom**
(nHBepenst | (yupepcnst |X 10| » TLTFOC
|X10|H1B 1xkM3Puls
3HAKOBBII 3HaKOBBII paspsin)
paspsiz)

+7 0111 0111 0111

+6 0110 0110 0110

+5 0101 0101 0101

+4 0100 0100 0100

+3 0011 0011 0011

+2 0010 0010 0010

+1 0001 0001 0001

0 0000 0000 0000

1000 1111

-1 1001 1110 1111

-2 1010 1101 1110

-3 1011 1100 1101

-4 1100 1011 1100

-5 1101 1010 1011

-6 1110 1001 1010

-7 1111 1000 1001

-8 - - 1000

* IpH CyMMHUPOBaHHUH YHCEIT HUKINYeCKHi niepeHoc k M3P;
** [IpH CyMMHPOBAHHUH YHCEJ IEPEHOC HTHOPUPYETCS

Ilycts

X,o — IECATUYHOE YHCIO CO 3HAKOM, KOTOpOe

HE0OXOAMMO TIPEICTaBUTh B oOpaTHOM Kojae. HeoOxonumo HalTh
N-pa3psaHOe TNpeAcTaBlieHue uuciaa X,,, BKJIIOYas 3HaK U 4acTh

aOCOJIFOTHOW BEJNIMYMHBI, KOTOpas cuuTaercs (N-1)-paspsiHast.
Ecrm X, 20, To oOpatHbii Kom comepkur O B crapuiem,

3HAKOBOM pa3psijie U OOBIYHOE JIBOMYHOE IpejcTaBlieHHe X, B
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ocTanbHBIX N-1 paspsaax. Takum oOpa3oM, JJIs MOJOKHUTEITBHBIX
yrcea oOpaTHbI Ko coBnagaer ¢ npsmbiM. Eciu ke X,; <0, To

3HAKOBBIN Pa3psii COAEPKUT 1, a ocTanbHBIE Pa3pslibl COAepxk aT
JIBOMYHOE MPEICTABICHUE YUCIIA:

2" —1- X,

JononHenne 10 eAMHHULBI (HOPMUPYETCS OUYEHb IPOCTO,
OJHaKO 00JaJaeT HEKOTOPHIMHU HEIOCTAaTKaMH, CPEAd KOTOPBIX
JIBOITHOE IIPEICTaBICHNUE HYJIS (BCE EAMHUIIBI WIIM HYJIN).

PaccMorpum  monoxutenbHoe uucino  +13.  BriGpas
HIECTUPA3PSAHOE MPEACTABICHHUE, BKJIOYasl 3HaK (N=6), mOJIy4um
oOpatublii koj, paBHbii 001101. ITox aGCOMIOTHYIO BENIUYUHY
yuciaa OTBOAMM S pa3psanoB. PaccMOTpuM OTpULATENBHOE YHCIIO
—13,,, cunTas mpencTaBieHUE MICCTHPA3PSIHBIM, BKIIOUYAs 3HAK.
B marupaspsasom mpencrasnenun  |-13,=13, =01101, =u

5
2°-1,=31,=11111, To
6-1
(2 -1-13),, = (11111-0110), =10010,.

JloGaBuB  1miecToi,  3HAKOBBIM  pa3psad,  MOIy4YUM
niectTupaspsanbii kon ania —13 ), paBueiii 110010.

Jlononnenue A0 ABYX (IOMONHUTENBHBIA Koa). Ero
TpynHee chopMupoBaTh, YeM JONOJIHEHHE IO E€JUHMIBI, HO
WCIIOJIb30BAaHUEM JIaHHOTO KOJA YHAeTcs YIPOCTUTh OIEpaluu
CJIOKEHUS U BbIUUTaHUA. JlomonHeHne 1o AByX oOpaszyercs myTeM

MHBEPCUU  KAXIOrO paspsia IMOJIOKUTEIBHOIO 4YHClIa U
nocleayromero 100apneHus enuHuib K M3P:

3Hak M3P
0 110 1 =+ 13
1 o01 1 = -13

Ecim X, >0, To Tak *e, Kak Iy MPSIMOTO M 0OpaTHOTO

KOA0B, HNMCECM 0 B 3HaKOBOM paspdaac u 00BIYHOE JBOHUYHOC
MMpEeaACTaBJICHHUEC 4YHCJIa XlO B OCTAJILHBIX N-1 paspdaaax. Ecnu xe



X0 <0, To umeem 1 B 3HAKOBOM paspsje, a B OCTalbHbIX N-1
paspsiiax IBOMYHBIN SKBUBAJICHT YMCIIa 2"t — |X10|

PaccMoTpuM  cxemy  cyMMaropa, OCHOBAaHHOIO  Ha
nopaspsiiHoM npouecce. O003HAaUMM /1Ba CKJIAIBIBAEMbBIX YHCIIA
yepe3 A=a,,a,,...4,8, 1 B=Db ;b _,...bb,. [Ipu cnoxernnn
JIBOMYHBIX YHCE] 3Ha4YeHUs HU(p B KaKIAOM JBOUYHOM pas3psie
JOJDKHBI  OBITH CIIOXKEHBI MEXIy COO0OH U ¢ IEepeHOCOM U3
npeasIayIero paspsaga. Ecnu pesyabrar npu 3ToM NpeBblaeT 1,
TO BO3HMKAET IIEPEHOC B CIECAYIOIUN Pa3psLl.

Paccmorpum  uwmcnmo  —13,,. IIpeacraBum ero B

IIECTUPA3PSIAHOM JOIIOTHUTETIBHOM KOJIe. Tak KaK
[-13,,|=13,, =01101, u 2§ =32,,=100000, To momyunm B
IATUPA3PSAHOM IPEICTABICHUM
2" —|Xlo| = (2°* -13),, = (100000~ 01103, =10011,.
JloGaBnsis  mecTo  3HAKOBBIA  paspsl,  IOJy4daem
JONOJHUTENbHBIN Kox umcnma —13,), paBusiii 110011. Homs B

JIOTIOJTHUTEITLHOM KOJIE UMEET €IMHCTBEHHOE MPE/ICTABIICHNUE.

Crnoxenune ITOJIOKHUTCIIbHBIX qucel IMPpOUCXOJUT
HENOCPE/ICTBEHHO, HO TEpEeHOC B  pa3psii 3HaKa HYKHO
MpeIOTBPAaTUTh M paccMaTpuBaTh Kak TmepemnosiHenune. Korma
CKIIaABIBAOTCA JBa OTPULATCIIBHBIX 4YHUCIIa WKW OTPULATCIIBHOC
YHUCIIO C TMOJIOKHUTEIbHBIM, TO paboTa cymMmaTopa 3aBHCHUT OT
cnocoba  TpeiacTaBi€HMs ~— OTpuuaTenbHoro  uyucna.  [lpu
MIPEACTABICHUHN TOCICTIHUX B JIOMOJIHUTEIBHOM KOJI€ CJIOKECHUE
OCYIIECTBIISIETCS. MPOCTO, HO HEOOXOAUM JIOTOTHUTEIHHBINA
3HAKOBBIM pa3psia, 000N TEepeHoC 3a Tpeaeibl TMOJIOKEHUS
3HAKOBOT'O pa3psijia IPOCTO UTHOPUPYETCS.

+14 01110 +7 00111 4 11100
- 7 11001 -14 10010 -3 11101
+7 00111 -7 11001 -7 11001



Ecnu ucnonb3yercst JoMoaHEHNEe 0 €IWHUIIBI, TO TTEPEHOC
W3 3HAKOBOTO pa3psija JOJKEH HCIOJIb30BaThCs KaK BXOJIHOU

nepenoc kK M3P.
+14 01110 +7 00111 -4 11011
-7 11000 -14 10001 -3 11100
00110 -7 11000 10111
+ 1 + 1

+7 00111 7 11000

PaccMoTpuM Takoe MNOHATHE Kak “‘pacUIMpeHUE 3HaKa .
PaccmoTpuM gecaTuyHoe Yucio — 3, B JOMOJHUTEIFHOM, a YUCIIO

3,, IPSMOM KOZaxX, B TPEXPA3PSAIHOM MPEICTABICHUH:
3101 (22 +2Y
3 011 ( 21+29

B YETBIPEXPA3PSATHOM IPEACTABICHUN:
o1 (23+22 129
0011 ( 21 4 20y

Takum oOpazom, g00aBlIeHNE €IUHUILL I OTPUIIATEIIbHBIX
YHuCeJI B AOIIOJHUTCIBHOM KOIC U Hy1'[eI71 JJIs1 TTOJIOKUTEIIBHBIX
Yucel CTapilie 3HAaKOBOro pazpsga (AyOoimMpoBaHHE 3HAKOBOTO
paspsza) HE U3MEHSIET MPEJCTaBICHUE JCCITHYHOTO YHCIA, dTUM
CBOMCTBOM BOCTIOJIB3yEeMCS npu MIPOSKTUPOBAHHUH
HAKaITMBAIOMIETO CyMMaTopa.

1.2. TlpeacraBiieHne Ynces €O 3HAKOM

Uucna ¢ (UKCHPOBAHHOM 3alTOM  XapakTepU3ylTCs
JUTMHOHM cJioBa B OMTax, MOJOKEHHEM IBOWYHOW Touku (binary
point) u Moryr ObITh O€33HAKOBBIMH WJIM 3HAKOBBIMH. [lo3uIus
JIBOMYHOW TOYKH OTPEACIISIECT YHCIIO Pa3psioB B 1EJI0N U APOOHOM
YacTsAX MaIlIMHHOTO CiioBa. Iy TpeacTaBIeHUs] 3HAKOBBIX YHCEIN
(OTpUIATETHHBIX W TIOJOKHUTENBHBIX) CTAPIINHA Pa3psi JTBOMIHOTO
CIIOBa OTBOJUTCS MMOJ 3HAaK uucia (Sign bit). Tlpu npeacrasnernn
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0e33HAKOBBIX YHCeNl C (UKCUPOBAHHOW TOYKOW pasps 3HaKa
OTCYTCTBYET, W OH CTAQHOBUTCA 3HAYUMBIM  Pa3psIOM.
OTpuLaTeabHbIC YHCIIA MPEACTABISIOTCS B JOMOJIHUTEIBHOM KOJIE.
Jlanuble ¢ (PUKCHPOBAHHOW 3alATOH MOTYT OBITH CIEAYHOIIUX
tunoB: 1ensivu (integers); apoousivu (fractional); 0606mEHHBIME
(generalize). OOOOMIEHHBI THII HE WMMEET BO3MOKHOCTH
OIPE/ICTNTh TMO3MIMI0 [BOUYHOW 3amsiaTod IO YMOJYAHUIO U
TpeOyeT SBHOTO yKa3aHUs €€ MOJOXEHHUS. DTOT THI JaHHBIX
cnenudumupyrot Ufix u sfix popmaramu.

Ha pwuc.l.l mpeacraBieHO  JBOMYHOE  YHCIO  C
(bUKCHPOBaHHOM 3amAToi 0000meHHOrO THMA, Tae bj - | paspsn
qpcia; N - JUIMHA JBOMYHOIO CJioBa B OuWTax; bpi- crapuimii
3HaunMbIi pa3psa (MSB); by - mnagmmii 3Haunmslii paspsn (LSB);
2' - Bec i-ro paspsga umcna. J{BoMuHas 3amsATas 3aHAMAET
4yeTBEPTYI0 mo3unuio oT miuaamero (LSB) paspspa umcna. [lpu
3TOM JUTHHA APOOHOH YacTH yrcia m = 4.

Puc.1.1. dopmaT MamMHHOTO CIIOBa

B ¢aitne momomm Fixed-Point Blockset cucremsr Matlab
JUISL TIPEACTABIICHUS TaKOTO YHCIA TPUMEHSETCS CIIeAYIomas
dopmyna:
V=SQ+B,
rae V- TOYHOE 3HaYeHHE ACHCTBUTEILHOIO ACCATHUHOrO YUCia; S-
HakioH, Q- KBaHTOBaHHOE (JIBOMYHO-B3BCIICHHOE) 3HAYCHUE
nenoro uywcna; B-cmemenuwe. Haknon S mpexacraBnsieTcs
clenyrommuM 00pazoM: S=FX2E, rae F-HakinoH apoOHOW wyacTw,
10



HOpMasn3oBaHHas BennunHa 1<F<2; E- mokazarens cteneHu E= -
m. Ilpy mNpOEKTUPOBAaHUHM YCTPOHCTB LU(PPOBOH 00pabOTKH
cUrHaoB npuHuMaroT B=0 n F=1:

V=2""xQ.

KBanToBanHoe 3HaueHne Q NPHOIMKEHHO MPENCTABISCT
UCTUHHOE 3HAYEHUE JCUCTBUTENHHOrO yucia V B BUAE CyMMBI
NpoM3BECHUI BecOoBbIX Kod(h¢uimeHToB bj Ha Beca 2,
COOTBETCTBYIOIIUX JBOMYHBIX Pa3psI0B MAIIMHHOTO ciioBa. Jlis
0€33HAKOBBIX YHUCEN C (DUKCHPOBAHHOW TOYKOW OMpeaesseTCs

dbopmyo:
n-1 .
Q= Zbi x 2'
i=0

KBanTtoBaHHOE€ 3Ha4yeHHE 3HAKOBBIX YHCEN OINpEAENsSeTcs II0
dbopmye:
n-2 .
Q=-b_x2""+>hx2.
i=0

Tak Kak Ienble Yucia He WUMET ApoOHo# yactu (M=0), To
BbIpaxeHHe st V uMeeT BU:

n-1 i
V= Zbi x2'
i=0
1 IJ11 3HAKOBOI'O IICJIOrO 4Yuciia.

n-2
_ n-1 i
V=-b ,x2 +Zbi><2 .
i=0
B ¢opmare ¢ ¢ukcupoBaHHON 3amsTOW 0e3 3Haka,

BCIICCTBCHHOEC  YHCJIIO \Y MOXKHO CYHTaThb OO0O3HAYEHHUEM

IIOJIMHOMA.
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V=5* nibizi
i=0

Hanpumep, nBonunoe uucino B gonoiHuteasHoMm kozae 0011.0101
Opyd JUIMHE MAIIMHHOTO clioBa N=8 u mMm=4 mnpeicrasiser
6e33nakoBoe (MSB=0) BemecTBenHoe yucio 3.3125:

0%27 +0%2°% +1%2° +1*2° +0%2° +

+1%2% +0%2" +1*2°

3.3125=2""

[Tpu MSB=1 Gynem umeThb yxe apyroe gucio -4.6875:
—-4.6875=2" (l"‘Z7 +0*2°0 41%2° 41%2% +0%2° +1%2% +0*2* +1*20:

1.3. MaTpu4Hble YMHOKHTEIH

CymiecTByeT OrpOMHOE YHCIIO Pa3HOBUIHOCTEH MaTPHUUHBIX
YMHOXUTeNeH IPEBOCXOJIAIINX o CKOpPOCTH
MOCJIEI0BATEIbHOCTHBIE YMHOKUTENH, OCHOBAaHHBIE Ha METOje
caBUra M ciokeHus. M3BecTHbl U 0oJiee CIOXKHBIE MPOLEAYPHI,
HalpuMmep, C TPEeACTaBICHUEM CYMMHUPOBAaHUS B JPEBOBHIHOM
dopmare. ABTOpbI HE CTaBAT LEIM pa3padoTaTb YMHOXKHUTEINb,
OPEBBIIAIOIIMNA O CBOMM TEXHHYECKHM XapaKTepUCTUKaM
MaTpUYHble YMHOXHTENM, a I[I0Ka3aThb YWUTATEI0 IPOLEAypY
YMHOXKEHHSI YHMCENT NPEACTABICHHBIX B JONOJHHUTEIBHOM KOJe
METOZIOM TMpaBOr0 CABMra U CIOXKEHUS TPUTOAHYIO JUIs
peanu3anuu B 6a3uce I[IJIMC.

B kadecTBe cpaBHEHUSI PACCMOTPUM OJWH M3 XOPOLIO
U3BECTHBIX YMHOXHTEIEH 4Hced B JOIMOJHUTEIBHOM KOJE, TaK
Ha3bIBaeMblll yMHOXHTEIb bo-Bymu (Baugh-Wooley). Eciu A wu
B wenble necaTuuHble YyMcaa CO 3HAKOM, TO B JONOJHHUTEIHHOM
JIBOUYHOM KOJI€ MPEJICTABIISCTCS B BUIE:

12



A=— 2'”1+Za2' uX=-X_ 12”1+2x2'

i=0
A*X =a_x 2™"% 4

- n-2
i+] i+n-1 j+m-1"
°+ aixj2 —an_laiz — a2

i=0 j i=0 j=0

I
o

Ha pwuc.1.2 mnoka3zaH mnpumep YMHOXEHHsS YHCET S5X5
MPEJICTABICHHBIX JOMOJHUTENbHBIM KOJAOM 1O (opmMmyne, a Ha
puc.1.3 mpumep yMHOXKEHHS 4YHucel S5X5 MpeAcTaBIEHHBIX
JOTIOTHUTENBHBIM Ko/10M 10 cxeme bo-Bynu. Ha puc.1.4 mokazana
cxema mpeoOpa3oBaHUil MO3BOJIAIOIIAS TEPEBECTH YAaCTUUHBIE
MPOU3BENICHUs CO 3HAKOM B Oe33HaKoBbIe BeinuuuHbl. Ha puc.1.5
MOKa3aH MaTpUuHbIi yMHOXUTenb bo-Bymu pasmepnoctsio 5X5
Yrceql TMpEeACTAaBICHHBIX B JOMOJIHUTENRHOM Koje. Hamuuue
nonHeIX cymmaropoB (FA) B MaTpuyHOM CTpPYKType TaKoro
YMHOXHTEIS SIBJISIETCS TJIaBHBIM JOCTOMHCTBOM JUISI peau3alii B
Oasuce 3akazHbix bBHUC, a HemocTaTkOM — TOHM)XEHHOE
OBICTPOACICTBHE 3a CYET YBEIMYCHHE BBICOTHI cTONIONA ¢ 5 10 7.

Huxe mokaspl mpuMepbl YMHOXKEHUS, ISl Pa3IMYHBIX
ciydaeB o cxeme bo-Bynu (puc.1.6).

4 & ¥ Yy §
X ¥ o3 X X X
a4 X a3x0 a)Xy arxy anX
Tagx] 33X Xy agx] apXg
Xy a3x) ax) axy apx)
-a4)(3 a3x3 a)Xx3 ajxy acx3
agXy -a3xq -aXy -ajXqy -apxy

Puc.1.2. [Ipumep yMHOKEHUS YUCEN SXS TPEACTAaBICHHBIX
JOTIOTHUTEIBLHBIM KOJOM 110 (hopMyIie
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a¥g azX, apXy agxX, agXy,
a, a,
1 X4 X4

Po Pg Py Ps Ps P, Ps3 o b1 Po
=29 98 27 26 25 24 23 22 21 920

Puc.1.3. [Ipumep yMHOKEHUS YHCEN SXS MPEACTaBICHHBIX JOMOIHUTEIHHBIM KOJIOM
no cxeme bo-Bynu



qT

-ax =a,l=x)=a,=a,x -a, —av =7 (l=g)—y =177 -7
J=a(l-x)-a,=a,x-q, ax,=x,(l-a)-x,=x0-x,
_a_l_)a4—204:>a4-|-(—a4nepeuucBcneuyromnﬁcmnﬁeu) —X4—).14—2x4:>x4+(—X4HEPEHDC
= B CIEayHowWMiA cmnﬁeu)

-a,X, > axta,
-a,x, > ax ta,
-a,x, > ax, +a,
-a,x, > a,xta,

—a,x,=ax, ta,

=X, = X,0,+X,
+(=a 4 MIEpeHoC B CRedytoLLuii cTonbey ) _
- X0, = X0

_a4 + —a4nepeuocBcnenyromnﬂcmnﬁeu ) _
=X 4(12 =X 402

-, + [—(], nepexoc 8 cnenyiowwii ctoney —
: / : ) X0, = X 4,
- + [—(1, nepexoc & cnenysowwit cTonbey —
! ‘ ) xa,=xa
44 474
- a4 + (—a  Teperos 8 creRyouu croney ) B 1'4 — )_(4 -1

Puc.1.4. Cxema npeobpazoBanuii bo-Bynu

—a,x, = a,X, +a,
—a,x, = a,x
—a,x, = a,x,
—a,X; = a,x,
—a,x, = a,x,

-a,=a,-1



97

g 8 P7 P& Ps P4 P3 P2 P1 50

Puc.1.5. Marpuunslii ymHOXkuUTENb bo-Bynu pazMepHOCTBIO 5X5 4nceln NpeCTaBIECHHBIX B
JIOTIOJIHUTEIILHOM KOZE

16



Cayuaii 1.
MHOXHUMO€ MOJIOKUTENBHOE YHCIIO
MHOXHUTENb OTPULIATEIBHOE YHCIIO

o 1
X 11

1

o

[}

1

-0

[=le]
o
40000

4

1 1 1 0 1 1 1

1

1 1

Cayuaii 3.

LT

x

o

1

o

1 o

1 0O

1

1

= =65

MHoxumoe u MHOXHUTCJIb, ITIOJIOKUTCIBHBIC YU CJIa

=13

=5

4 20
o0
0 0 o
[= o
Qo

+ 1

(=R = o

1 0
o o
1

1

slooo o =

o o o 1 o

o

o o

1

= 65

Cayuaii 2.
MHOXHUMO€ OTPHLIATEILHOE YUCIIO
MHOXHUTEINb TON0XKUTETBHOE YUCIIO

1 0 1 1 =-5
x o1 1 0 1 =13
o1 0 11
100 00
] o 11
o0 10 11
0O o 1 0 0
1 1
+ 1 o
111 01 11 11 1 =-85
Cayuaii 4.
MHoxumoe u MHOKUTECIIb, OTPULATCIIBHBIC YUCIIa
1.0 0 1 1 =-13
> 11 0 1 1 =-5
o o0 o0 1 1
o o o 1 1
1 0 0 0 O
1 O o o 1 1
o1 1 0 0
o 1
-+ 1 1
o o o 1 o o o o o 1 = B85

Puc.1.6. IIpumeps! yMHOKEHUS, IS pa3InYHBIX cllydaeB 1o cxeme bo-Bynu



1.4. IlpoexTpOBaHMEe YMHOKHTEJISI METOI0M MPABOIro CABUTa
U CJI0KEeHUS ¢ ynpasJjsomuMm apTomatom B 0asuce INJINC

st mpoexktupoBanus KNUX-bunsTpoB B 6aszuce Mporeccopon
nudposoit 06padoTku curnanos (LIOC-mporeccop) ucnonb3yercs
oOumienpuHaATas METOJUKAa YMHOXXEHHUS C HAKOIUIGHHEM C
npUMeHeHHueM, Tak HaszbiBaeMblx MAC-0JI0KOB U3-3a OTCYTCTBHS
BCTPOEHHBIX KOMOMHAIIMOHHBIX YMHOKUTEIICH.

Hcnonp30BaHue AAHHOTO METOJA JUIsl YMHOXCHHS YHUCENl B
0a3uce CUTHAJIBHBIX MPOIECCOPOB  SIBISIETCS  YPE3BBIYANHO
NOMyJApHBIM y pa3padorunkoB POA. Ha Gasze manHoro meroza
peau3yloTCsi  CXEMbl ~ OBICTPOrO  YMHOXEHHUS  (Hampumep,
KoAupoBaHUE MO byTy KOTOpoe MO3BOJNSET yMEHbIIATh YHCIIO
YACTUYHBIX MPOU3BEJICHUIN BIBOE, YMHOXEHHE 10 OCHOBAHUIO 4,
MoudUuIpoBaHHOE KOAUPOBaHUeE 110 byTy).

Taxk KUX-punstp Ha 4 orBoma TpeOyer 4 MAC-6ioka
(puc.1.7). HUcmonb3oBaHue 3xe pacmupefeneHHOl apudMeTukw,
Hanpumep, s KUX-¢unerpa Ha 4 orBoma B 6Gasuce LIOC-
MPOLIECCOPOB TO3BOJIIET KCIONB30BaTh JIHIIb COCTaBHBIE YaCTH
MAC-610ka, 3T0 4 0lOKa JIOTMKM TeHEepaluud YacTHYHBIX
MPOU3BEICHUN TONy4aeMbIX MPUMEHEHHEeM OylIeBOW oreparun
ngoruyeckoe M K MHOXHUMOMY (MHOTOpa3psiIHbIE KOHCTAHTHI
ABJSIOIIMEcT KodppuuueHTaMu GpuiabTpa) 1 OUTOBOMY 3HAYEHUIO
MHOKUTENSI C BBIXOJOB JIMHUU 3aICPKKU W MAaCIITaOUPYIOLTHit
akkymynsTop. [Ipu 3ToM nepeBo MHOTOpa3psiAHBIX CYMMAaTOPOB HE
cokpaiaercs. A peanuzarus Toro xe punstpa B 6azuce [IJIMC Ha
pactipeneneHHol apudmeTuku He TpedyeT BOOOIIEe JOTHKH
TeHepaluy YaCTUYHBIX MPOU3BEJICHUN U JepeBa MHOTOPA3PSIHBIX
CYMMAaTOpOB a ISl CYMMHUPOBaHUsI 3HAYEHUH C BBIXOJIOB TaOJIUIIBI
nepexkoaupoBku (LUT) ucnonb3yeTcs Muiib 0JHa COCTaBHAs YacTh
MAC-610ka — MacITabupyOLUUi aKKyMYJISTOP.
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\PA

1-Bit Scaling
Accumulator

Puc.1.7. Murparmus npoekta KUX-dunbrpa Ha 4 oTBOa: a) 1 0)
peanu3anus B 0a3uce CUTHAJIbHBIX MPOIECCOpOB; 0) B Oa3uce
IcC

Paccmorpum npoektupoBanne MAC-06110Ka ¢ UCITOIb30BaHHEM
yIpaBISAIOLUIET0 aBTOMara. BcTpamBaHMe aBTOMara B CXeMy
MO3BOJISIET TOJYYUTh TOTOBYIO (YHKIHUIO 0€3 HCHOIb30BaHUSA
JIOTIOJTHUTENbHBIX YIPABJISIOMIUX CUTHAJIOB Ui YMHOXKEHUS JBYX
yeTelpexpa3psaaHbix uucen Oe3 3Haka. [lo Bxomam MAC-6i0ka
notpedyeTcss BCEro JMIIb TPU CHTHAJA: CUTHAJI ACHHXPOHHOTO
cOpoca res, curHan TtaktupoBaHus ClK u curHanm paspemieHus
3arpy3ku 4ncia X (MHOxutens1) B casurossiii peructp load_PSC.
Jiss  KOppekTHOM paboThl CXeMbl HEOOXOAMMO OOHYJIUTH BCE
PEeTUCTpPBhl YMHOXKUTENS (aKTUBHBIM — BBICOKMI YpOBEHb CHUTHAJa
res). IlockoiabKy BCe PEruMCTphbl, B TOM YHUCIIE M PETUCTp AT
XpaHEHHUsI COCTOSIHUH B YIPaBIAIOLIEM aBTOMAaTe OOHYISIOTCS
JMIIB Tepe] HavyajaoM paboThl €JUHOXKIBI TO - Ul YIPOLICHHS
mporiecca  pa3padOTKM  CXeMbl  MOXKHO  BOCIOJIb30BaThCs
ACHHXPOHHBIM COPOCOM.

[TpyHIMT YMHOXXEHUS METOJOM MPABOTO C/IBUTA U CIOXKEHUS
nokazaH Ha puc.l.8. Waes cxembl MeToga YMHOXEHHS METOJIOM
MPaBOro CIIBUTA C HAKOIUICHWEM Ioka3ana Ha puc.1.9. Ha puc.1.10
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npeiaraeTcs

CTPYKTYpHasi CXemMa MeToja
MCIIOJIb30BaHUEM YITPABIIAIOIIETO aBTOMATA.

YMHOXCHUSA

Cout 2vetpapa 1 Tetpana 2 retpana 2rotpama 1w 2 Tetpagst

a 10 1010

X 1 1011

po 0O000(0O0O0O0]|O 0

+X,a 1010 a 10

2p |0/1010 a 10

pth 0101|0000]a2 5 80
+x,a 1010 a 10

202 [o[1111]0 a/2+a 15

p@ 0111|1000|[@2+a)2 7 120
+X,8 0000 0 0

2p  [ojlo1 11|10 (a/2+a)/2 7

p® 0011|1100 |(a2+a)2)2 3 60
+X,a 1010 a 10

2pi) ol1101]1 10 [((ar2+a)2)2+a 13

pl) 0110111 0l((ar2+a)2)/2+a)/2 6 110

Puc.1.8. IlpuHIMI yMHOKEHHS] METOJIOM IIPABOTO CABHUTA H
CIIOKEHUSI. Y MHOKEHUE ecaTnyHoro yucia 10 Ha necaTuuHoe

Puc.1.9. CtpykrypHast cxeMa yMHOKUTENSE METOI0OM [IPABOT0

guciio 11

Cosur
—_—

‘ MHoxunTens X

—
Cosur

CymmaTtop

i

CABHUTA U CIIOXKCHUA

20

C



KOHCTaHTa c3p Y R
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q(|lekz |
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I / !
Elsd |
i !
VﬂpaﬂﬂﬂIOI-l-l.HH | MacuwTabupyloLsi akkyMynaTop i
> aBTomar ittt Rttt - k1
Ha 4 COCTORHUA P(j+1) = (p(j)+Xja 2 )2
I—cnomeune—'
CurHane! ynpaneHus

|—cABm B npaBo—l

Puc.1.10. [Ipeqnaraemasi CTpyKTypHasi CXeMa YMHOXKUTEIS C
YIPaBJISIOUIMM aBTOMaTOM

CrpykTypHasi cxemMa yMHOXXUTENS JIBYX 4-X pa3psaHbIX 4YHUCEl
MPEJICTAaBICHHBIX B JBOMYHOM KoOj€ (LeNble, IOJOKUTEIbHbIE
YHClla) COCTOMT M3 LIMHHOTO MYJbTHIUIEKCOpa 2 B 1, CABUTOBOTO
peructpa, uu¢ppoBoro aBTomMara Ha 4  COCTOSHHUS U
Macirabupyromero  akkymyastopa  (puc.l.11).  Iunnbrit
MYJBTUIUIEKCOP 2 B | M CIBHUTOBBIN PETUCTP BIPABO PEaTU3YIOT
JIOTUKY TEHepallMM YacTUYHBIX mpousBeneHuid. B  ocHoBe
MacCIITa0MPYIOMIETO AaKKyMYJIATOpa JIEKUT CHHXPOHU3UPYEMBbIH
CYMMAaTOp C CHTHAJIOM pa3pelieHus TaktupoBanus (puc.1.12).

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;
ENTITY avtomat IS
PORT(
Res,clk : IN  STD_LOGIC;

21



Ena_Add, LoadPSC,ena_shift,Stop : OUT
STD_LOGIC;
Qa :OUT STD_LOGIC VECTOR(4 downto 0));
END avtomat;
ARCHITECTURE a OF avtomat IS
TYPE state_values IS (SA, SB, SC, SD);
signal state,next_state: state_values;
SIGNAL cnt: STD_LOGIC_VECTOR(4 downto 0);
BEGIN
statereg: process(clk,Res)
begin
if (Res ='1") then state<=SA;
elsif (clk'event and clk="1") then
state<=next_state;
end if;
end process statereg;
process(state)
begin
case state is
when SA=> next_state<=SB;
when SB=> next_state<=SC;
when SC=> next_state<=SD;
when SD=> next_state<=SA;
end case;
end process;
process (state)
begin
case state is
when SA=>Ena_Add<='0"
LoadPSC<='0"; ena_shift<="1";

when SB=>
Ena_Add<="1"; LoadPSC<='0";
ena_shift<="0";
when SC=>
Ena_Add<='0
LoadPSC<="0";
ena_shift<="0";
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when SD=>
Ena_Add<='0"
LoadPSC<="1";
ena_shift<="1";
end case;
end process;
process (clk, res)
begin
if (res ='1") then
cnt <=(others=>'0";
elsif (clk'event and clk = '1") then
if cnt = "10001" then Stop <="1";
else cnt <= cnt+'1";
end if;
end if;
end process;
Qa<=cnt;
END a;
[Tpumep. Kox si3pika VHDL ynpasnstomero aBromara Ha 4eThIpe
COCTOSTHUS

[Mudposoii aBTomar npeacTasiaser coboit aBTomar Mypa Ha 4
cocrosiaus (SA (1-e cocrostaue), SB (2-¢ cocrosue), SC (3-e
cocrosinue) U SD (4-e cocrosinue)) u GopMupyeT 3 yrmpaBIsSIOIIIX
curHaima ena_add_temp, load_acc u ena_shift_temp mo cpesy
¢dponTa cuaxpoummyibcea ClK (mpumep).

Jlea w3  kotopeix  ena_add_temp, load_acc  He
nepekpoiBatomuecs: (puc.1.13). I[lo akTHBHOMY ypOBHIO CHUTHaja
ACMHXPOHHOr0o cOpoca IeS aBTomMar MomnaaaeT B MEPBOE COCTOSIHUE
SA, 1o HHM3KOMY YpOBHIO [€S OCYIIECTBISETCA Nepexoa I0
cocrossausM. Ha pwuc.1.13 wam curHamamu ena_shift_temp wu
load_acc maneceHsl HOMepa COCTOSIHUE U(pPOBOTO aBTOoMara. Tak
curnai ena_shift_temp axtusen B 1 u 4 cocTosIHUSX.
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Curnan ena_add temp ¢opmupyercs, Korga aBTOMAr
HaxXoguTCs BO BTOpoM cocrosuuu SB. Curnan load_acc
dopMHpyeTCST B YETBEPTOM COCTOSHUH. TakuMm 00pazoM, ymaercs
o0ecreunTh KOHBEHEPHBIH pEXUM pabOThl MaCIITAOUPYIOIIETO
aKKyMyJIsaTOpa, mpu 3ToM (GopMupyeMbie curHaibl ena_add_temp,
load_acc u ena_shift_temp sBASAIOTCS CHHXPOHHBIMH IS BCEX
PETHCTPOB  YMHOXHTENA. Tak BTOpOM  mepemHuii  (pOHT
CHHXPOUMITYJIbCA OKa3bIBACTCSI POBHO HAJ MOJIOBHHON BBICOKOTO
ypoBHs curHain ena_add_temp. Yrto oOecrneunBacT KOPPEKTHYIO
paboTy cuHXpoHHOrO cymmatopa (puc.1.13). UerBepThlii nepenHuit
(GpOHT Tak jX€ OKa3bIBACTCS POBHO HAJ TIOJOBHHOW BBICOKHUX
ypoBHeii curHanos load_acc u ena_shift_temp. Uro obecrnieunBaet
3arpy3Ky 4Hclia ¢ MPOMEKYTOUYHOTO PErucTpa (aKKymysasTopa) B
capuroBeiii  permctp Ipm_shiftreg0. Ilareiii  GpoHT Takxke
OKa3bIBACTCSI POBHO HAJl CEPEMHON BBICOKOTO YPOBHS CHUTHAiA
ena_shift_temp mist BeImOMHEHMS Onepaluu AejaeHus Ha 2 (COBUT
BIIPABO).

B ympaBnsromuii  aBTOMAar  BCTPOEH  CyMMUPYIOLIUN
CYETYMK, KOTOPBIA TOJCUNUTHIBACT YHCIO CHUHXPOHMITYJIbCOB. U
npU JTOCTHOKEHUHU 18 (oTcueT Belercs ¢ HYJIs) CHHXPOHUMITYJIbCA
BbIpa0AaTHIBAETCS CUTHAJI OCTAHOBA PA0OTHI YMHOXKHTEISI, KOTOPBIN
cOpachIBaeT BCE PETUCTPBHl YMHOXHTENS B HOJb, KPOME PETHCTpa
pesynbrata  (fff8). 3amuce  wHpopmammu, B KOTOpBIH
OCYIIIECTBIISICTCS] HU3KMM YpOBHEM curHaia ena_shift_temp.

Ha WHPOPMAIIMOHHBIC BXO/IbI MYJIBTHILIEKCOPA
MOJKJIFOYAIOTCS  JBE KOHCTaHTBl. MHoxumoe (uucio A) u
JOTMYECKU HoMb. Ha ajpecHbli  BXOA  MYJIBTHILICKCOPA
MOJKJIFOYACTCS  MJIAMIIMKA  pa3psia  (MHOXKHTENS) CIBUTOBOTO
peructpa (meradpynkuus LPM_SHIFTREG) c¢ mnapamiensHbiM
BBOJIOM HH(pOpMAIMM W TIOCJIEOBATEIILHBIM BBIBOJOM. Takoi
peructp  OyaeM  Ha3piBaTh  KOHBepTOp  (mpeoOpaszoBarelnb
napajyieIbHOTO KOJa B TIOCJIEIOBATENbHBIN) M 0003HAYaTh Kak
PSC. Peructp HacTpOCH Ha CIBHUI BIPaBO U UMEET CHHXPOHHbBIE
curHanbl 3arpy3ku load um paspemienust TaktupoBanus €enable
AKTUBHBIC BBICOKMM ypoBHeM. [Ipu caBure B mpaBO B CTapIIuid
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pas3ps 3aHOCHTCs JIoTHueckas 1 a muammmii paspsia tepsiercs. B
CIBUTOBBII PErHCTp MO BbICOKOMY ypoBHIO curHaima load_PSC
3anuchiBaeTcs yucino X (MHOxuTenb). [Ipu aTom curaan ena_X Ha
BXojie enable nomkeH OBITH BBICOKOTO YPOBHS, KOTOPBIA MOXET
ObITh TOdydeH obObemuHeHueM o WMJIM curnamos load PSC wu
ena_PSC_X. Curnan ena_PSC_X sBisieTcst BBIX0JI0M HH(PPOBOTO
aBToMara M nosydyaercs npuMmeHeHuem omnepanuu 3UJIN-HE nan
curnanamu ena_add_temp, load _acc u ena_shift_temp, T.e. on
BO3HMKAET TOJBKO B TOM Cliydae, Korja curHaiel ena_add_temp,
load_acc u ena_shift_temp nuskoro ypomHs. B mepBom TakTe
cuHxpoummyibca curnan ena_PSC_X He akTUBEH U HE OKa3bIBACT
BJIMSIHAE Ha (pOopMUpOBaHUE CHUTHaa €na_X W HCIOJb3YeTCs MpH
HocJeayoneM cIBure MHOXxuTens X BopaBo. [lapamienbHas
3arpy3ka 4mciaa X TPOMCXOMUT IO MPHHIHUIY: €CIH aKTHBEH
curHan 3arpy3ku load_PSC, To 3HauuT A0/DKEH OBITh aKTUBEH U
CUTHAJI pa3pelleHus] TAKTUPOBaHUs ena_X.

HemoctatkoM Takoro pemieHus: sSBJISETCS Hepa3pelIeHHBIH
CABUT  BOPAaBO  MATUPA3PSAHBIM  CABUTOBBIM  PETUCTPOM
(Ipm_shiftreg0) macmrabupyemMoro akkymynisTopa OpH IEPBOM
(bpoHTE CUHXPOUMITYJIbCa Ha BBIXOJAaX KOTOPOro mosiBisercs 1 B
cTapiieM paspsje Npu akTUBHOM curHaie ena_shift_temp, uto u
nemoHcTpupyer puc.l.13. OpgHako 5To He BiMseT Ha paboTy
MacCIITa0UPYIOMIETO  aKKyMyJsTopa, T.K. TIEepel CIOKEHUEM
CABUTOBBIM PETUCTp Meperpykxaercs MpaBUIbLHBIM 3HAUYEHHUEM I10
4eTBepTOMY (DPOHTY CHHXpPOCHTHAJIa MPH aKTHBHBIX CHUTHAllaX
load_acc wu ena_shift_temp. Hepa3speuiennsiii capur OyneT
NPOSIBISATECS M TPH  TMOCIEAYIOUINX CHHXPOUMITYIIbCAX MPH
HAJIMYMKA aKTUBHOTO YypoBHsA curHaia ena_shift_temp. [lns
MPOTUBOCUCTBUIO ITOMY SIBIICHUIO CTapIIMi 3HAUYAIIMA pa3psi
p[4] peructpa Ipm_shiftreg0 mocne casura mpocto UrHOpUpyeTcs,
a Ha BXOJI CyMMAaTopa MOCTYyIMaeT YMEHbIIEHHOE Ha J[Ba 3HAUCHUE
yactuuHoro mpousBeneHus P[3..0] C 4-x OWTHOW TOYHOCTHIO
MIPEICTaBICHHUSI.

PaccmoTpuM paboTy MacIITaOMpYIOUIETo aKKyMyJsTopa.
[Io mepBomy ¢poHTy cuHXxpoumnyibca ClK mpu akTHBHBIX
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curnanax load_PSC u ena_X mpomcxomut 3arpy3ka ymcia X B
cnBuroBblii peructp. Ilo BTOopoMy GpOHTY CHHXpOUMITYIbCA
YIPaBISAIONIMIA aBTOMAaT BHIpa0aThIBAET CHHXPOHHBIN CHUTHAI
paspelieHHss TakTUpoBaHus €na_add_temp s cymmaropa
MaclmTabupyoomero akkymyiasropa. Ha Beixogax cymmaropa
dopMupyercst mepBoe yIBOGHHOE YAaCTUYHOE MPOM3BEICHUE
2P(1)=P(0)+X(0)*A (mumnua 2p[3..0]) paBuoe 10 mpu stom P(0)=0.
Beixonm mepenoca Cout wu  2P[3..0] oOwbemuHsOTCS B
ISTUPA3PSAHYI0 I[IMHY, 3HA4YE€HUs KOTOPOH COXpaHSIOTCS B
INPOMEXYTOYHOM TapauIeIbHOM PErHCTpe-aKKyMyJsTope (BBIXOX
sum_reg_2p[4..0]) mo TpeTbeMy (HPOHTY CHHXPOUMITYJIbCA.

[To gyerBepTOMY (POHTY CHHXPOHMMITYJIbCA TPH AKTUBHBIX
curHanax load_acc wu ena_shift_temp mnpoucxomur 3arpyska
IEpBOrO YABOCHHOTO YAaCTHYHOTO Ipou3BeneHHs paBHoe 10 B
cnBuroBblil peructp. Ilo maTomy (GpoHTY npu aKTHBHOM CHUTHAJIE
ena_shift_temp  mpoucxomuT  CABUT  BOPABO  YABOCHHOI'O
yacTuyHoro mnpousBeaenus 2P(1). Ilpu sTOoM Ha BBIXOJAax
C/IBUTOBOTO peructpa oOpasyercsa uucio 5. Ilo mecromy ¢poHTy
CHHXPOMMITYJIbCA MpU  aKTUBHOM curHaine ena_add_temp
npou30MaeT ciokeHue yncia A (gecatuunoe yncio 10) ¢ yuciom
5 u Ha BBIXOJAX cymMMmaropa c(hOpMHUpPYETCsl BTOPOE YaCTHYHOE
npoussenenne 2P(2)=P(1)+X(1)*A paBuoe uymciny 15. YUrto B
TOYHOCTH COOTBETCTBYET OPUHLUITY YMHOKEHHUS,
POIEMOHCTPUPOBAHHOMY Ha pHc.1.8.

Ha pwuc.1.14 nokazan MomeHT okoH4aHus cuera. [lo 15
(GpoHTY cHHXpOMMITYyJIbCa (OTCUYET MO TEKCTy Beaercs ¢ 1 ro
(GpoHTa CHHXPOMMIYJbCA) MPOU30HAET HEepas3pelleHHas 3arpys3Ka
4eTBEepTOro OuTa B cABUroBbIi peructp PSC mo BEICOKOMY YPOBHIO
curnana ena_PSC_X u copmupyercs eiie oHa Konus curaaia A
T.e. X(4)*A. OnmHako 3TO TOXKE HE IMOBIUSAECT HAa PE3yNbTaT, T.K.
HOoCJeayIoUIero ciaoxeHus yxe He Oynet. IloTpebyercs emie nBa
TaKTa CUHXPOUMIIYJbCA JUIS 3arPy3KH YABOEHHOI'O MPOU3BEICHUS
2P(4) B akKyMyJIsATOp M TOCIEOYIOIIMHA CIBUT BIPaBO JJIs
¢opmupoBanuss P(4). M mo 18 TakTy wuMIyabca pe3yibTar
YMHOXEHUS Oy/IeT TOCTYIIeH B peructpe pesyibrata fff8.
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brio mpoBeneHo TecTpoBaHUE pa3paOOTaHHOW CXEMBI Ha
MpeAMET yYMHOXEHHUS JBYX 4-X pa3psaHbIX uyucena 0e3 3Haka B
Jnuana3oHe BXOAHbIX 3HadeHuit oT 0 go 15. Ha puc.1.15 nokazan
MIPUHIIMIT YMHOKEHUS AeCATUYHOro uncia 15 Ha 15, a va puc.1.16
BpEMEHHBIE IHarpaMMbl MPOIECcCa YMHOKEHUS.

Cout 2Ttetpapa 1 TeTpapa 11 2 TeTpanbl
a 1111
X 1111
p(© 0000
+X,a 1111
2p() 0] 1111
p 0111 1000 120
tXx,a 1111
2p@ 110110
p@ 1011 | 0100 180
tX,a 1111
2p®) 1{1010
p® 1101 0010 210
*tX5a 1111

2p@ 1 1100
p) 1110 0001 225

Puc.1.15. IIpuHUMn yMHOKEHUSI METOJIOM MIPABOTO CABUTA U
CIIOKeHUsI. YMHOXKEHHE NECATUYHOrO YKcia 15 Ha necsatudaHoe
qucno 15

Pazpaboran MAC-6iox st yMHOXeEHHS JABYX 4-X
paspsiiHbIX  yucen 0Oe3 3Haka C MCIOJNb30BaHHEM MeEToja
YMHOXEHHSI 1 HAKOIUIEHHUs. YTpaBieHHe OJIOKOM OCYLIECTBIISETCS
¢ momoIbo 1udpoBoro aBromara Ha 4 cocrosinus. [Ipennoxxennas
cxema peanm3aruu MAC-6moka B 6asuce IIJIMC moxer OBITH
HCIONIh30BaHa 1pu poekTupoBannu KUX-gpuinbTpos..
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LSE
shift_out

[ p_shit

Bo

[ sum_req_2p

[ SumandCout

sum
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shitt_PSC
load_PSC

[ X_PSC
ck
ena_add_temp
load_acc
ena_shift_temp
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ena_X

Geounter
stop

Puc.1.16. YMHOXeHHME uncna AecITUYHOro uncia 15 Ha aecstuunoe yucno 15. Pesynbprat 225
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[ 120 180 210 25
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0000 1 0110 1070 1100 1101
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L1 IEEE EEEN IR EEEN
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1.5. IIpoexTpoBaHNe YMHOKHTEJS LEJbIX YHCEI CO 3HAKOM
METOJ0M MPABOro cABUra M cjaoxkeHus B 6asuce INJINC

Paccmotpum npuMep MIPOEKTUPOBAHUS
MOCIIE0BATEILHOCTHOTO YHUBEPCAIIBHOTO YMHOXHTENS LEJIbIX
YyHucesl TMPEJCTABICHHBIX B JOMOJHUTEIBHOM KOJE, METOAOM
npaBoro casura u cinoxenus (MAC-6m0k) B 6azuce [TJIMC.

B xauectBe 06a30oBoii cxembl paspabaTeiBacmMoro MAC-
0JI0Ka BO3bMEM CXEMYy YMHOXKUTEJNS LEbIX 0e3 3HAKOBBIX YHUCEIl C
YIPaBJISIOUIMM aBTOMaTOM Ha 4 coctosiHus (paznen 1.3).

PaccmMoTpuM yMHOKEHHE 4YHMCEN CO 3HAKOM B ‘‘CTONOMK’
(puc.1.17). JlomonHeHue [0 JABYX MOXHO IMOJNYYUTh, €CIIH
npubaButh 1 k pe3ynbrary oOpaimieHus. OOpailieHue JTOTHYECKH
SKBUBJICHTHO HWHBEPCHHM KaXJoro Outa B uyucie. Bentunu
Uckmrouaroriee MJIM MOXHO TPUMEHUTH JUIsl M30MpaTeIbHOU
WHBEPCHHM B 3aBUCHMOCTH OT 3HAYECHHS YIPABISAIOIIETO CUTHANA.
[TpubaBnenue 1 kK pe3ynbraTy oOpalleHUs MOXHO PEaTnu30BaTh,
3az1aBas | Ha BXoJie IEpeHoca CyMMaropa.

Ha pwc.1.18 mnokazaH mNpUHLOUI YMHOXKEHHUS YHCEIN
MPEACTABICHHBIX  JIONOJHUTEIBbHBIM  KOJAOM, Ha  IpUMEpE
YMHOKEHHS -5X-3.

b

Mpumep
YmeHblwaemoe A + 14 01110 +7 00111
Beluntaemoe B -(+7) - 00111 -(+14) - 01110
nepeson B e + f0001
B OOMONH. Kog { N 1 + 1
PasHocTb m 7 1001

MNepenoc
WIHOpHpYeTCcA

Puc.1.17. Berunranue ¢ UCIIOIb30BaHUEM JOTIOIHUTEIBHOTO KOJA
(tomostHeHHe 10 ABYX). OCyIIEeCTBIIETCS MHBEPTUPOBAHUE
BBIUMTAEMOT0 U CyMMHPOBAHUE, U IIEpEHOC | B MIIAAIINN pa3psiz ¢
MIOCJIEAYIOLIUM CII0KEHUEM

33



3Hak, paclunpeHne x 1011 (-5 B gon.koae) 1011 (-5 B Aon.koge)
3HAKOBOTO paspAaa 1101 (-3 B Aon.koge) +01 0?

111011 —
* 00000 0101 (5 B npAaMom koae)

3HakoBbIii paspsg 21111011
11011
+11100111
obpaujeHue qucna -5 00101
00001111

a)

x 1011 (-58 Aonkope)
1101 (-3 B gon.xoge)

1011 3HaKoBbIli paspag - 00000 Yacmuyroe npouseedeHue
x1101 11011 MHOXUMOE C Y4eTOM 3HaKa
—_ \*’511011 Yacmu4Hoe npouseedeHue
111110711 Apw cro opHILE 400000 CcABLHYMOEe MHOXUMOE
00000000 nepeHoca B C3P \“111 1011 YacmuyHoe npouseedeHue
11101100 WrHopupyeTes 11011 cOsuHymoe MHOXUMOE
00101000 1100111 yacmuy4Hoe npouseedeHue
00001171 o6paujeHue yucaa -5 00101 COBUHYMOoe MHOXUMOE

00001111 npou3eedeHue
5)

Puc.1.18. YMHOXEHHE B CTOJIOUK (2); yMHOXKEHHE METOIOM C/IBUTA
MHOKAMOTO M TIOCJICAYIOMIETO CIIOKCHHUS C YaCTHYHBIM
npousBeacHuEM (YMHOKEHHE Yncen -5X-3 MpeacTaBiIeHHbIX B
JOTIOTHUTENHEHOM KoJie) (0)

HpeI[CTaBJ'ICHI/Ie nmponecca YMHOXCHHUA B TOYEYHOM
HOTallik, B KOTOpOfI oA KaXKJIoW TOYKOM nmoaApa3syMeBacTCA
JJOoTrn4cCKas 1 i jgoruwdeckuidi (0 IO3BOJISET MOJIYYUTb

pekyppeHTHyto hopmyay (puc.1.19).

. 8 pnoxumoe

@ X muowmens

® x0%a 2°
x1*a 21 Marpuiua Guros

2 L vacTHHbIX
x2*a 2 npon3seaeHnii
3
(NN N x3%a 2

LA N N N N N N P npousseaetms
. . P A |
PO+1)=(p()+x()*a 2 )2
I— Cnomeuue—l
I—Cnaur Enpaao—l

Puc.1.19. HpCI[CTaBJ'ICHI/IC nmponecca YMHOKCHUA METOJ0M IIPaBOTO
cABUT'A U CIIOKCHUS B TOYCYHOM HOTal

34



Huxe mokasel mpuMepbl YMHOXEHHs, paccMaTpUBaeMble
pu pa3zpaboTKe CXeMbl YHUBEPCATbHOTO YMHOXKHUTETIS.

Cayuaii 1. Cayuaii 2.
MHoX1MO€e OTpHULIaTeIbHOE MHo)XuMoe u
YHUCITO MHOJKHTENb,0TPUIIATENIFHBIE YHCIIa
MHOXHUTEND MONOKUTENBHOE -10x-11
YHUCITO
-10x11
Cuyuaii 3. Cayuaii 4.
MHOXHUMO€E 1 MHOXHUTEITb, MHOXHUMOE TTOJIOKUTENBHOE YUCIIO
YETHBIE OTPULIATEBHBIE YUCIIa MHOXHUTENb OTPUIIATETFHOE YHCIIO
-4x-4 5X-3

Ha puc.1.20 mnoka3aH NPUHUUII YMHOXKEHHS METOJIOM
MPaBOro CABUTA W CIOXKEHHUS [UIsl JIBYX cCiydaeB B ¢opmare
npoektupyemoro MAC-610ka. B mepBom ciydae ocyliecTBisieTcs
YMHOKE€HHE 4Hciia co 3HakoM -10 Ha ymcno 11, a BO BTOpOoMm
ymHOkeHnue -10 wa -11. B mepBom caydae muOxumoe (-10)
HEPEeBOJIUTCS B JIOMOJHUTEIBHBIN KO/ (JJOMOJHEHHUE A0 JIBYX).

Muoxwurens (11) — 1enoe MNOJOXKHUTEIBHOE YHUCIO,
pacuIMpeHHOe 3HAKOBBIM paspsoM 0, MpencTaBlIeHO B NPSIMOM
kome. [l yABOGHHBIX YacTHYHBIX mpousBeaenuit 2p(1l), 2p(2),
2p(3), 2p(4) u 2p(5) B mosie MSB (Ha3BaHue moJici MPOU3BOIBHOE)
HeoOXxonuMo 100aBuUTh Joruueckyto 1. Ilpum ¢dopmupoBanun
JaCTHYHBIX MPOHM3BENEHUIA MeToaoM mpaBoro casura p(l), p(2),
P(3), p(4) u p(5) noruueckast 1 u3 mons MSB nonanaer B crapmuit
pas3psii BTOpoi TeTpajsl (Ha3BaHUE “TETpajpl” B JAHHOM CIIydae He
KOPPEKTHO, T.K. 3TO TOJIe YK€ 5 pa3psaHOoe, HO COXPaHEHO s
IPUEMIIEMOCTH C MIPUHLIUIIOM YMHOXKEHHSI 0€3 3HAKOBBIX YHCEN).

[Tpu cnoxenun P(3) ¢ X3*a equHMIA IEpEHOCA B CTApILIUiA
paspan, T.e. B mnoine MSB wurnHopupyercs. J[laHHas cxema
BBIUMCJICHUI CIpaBeJIMBa TOJBKO IS ClIydasi, KOTJa B MJIaIIEM
paspsae MHOKUTENS HaXoauTcs 1.
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MSB 2vetpaga 1 TeTpaga MSB 2terpapa 1 TeTpaga

a(-10) 10110 a(-10) 10110

x(11) 01011 x(-11) 10101

p(0) 00000 p(0) 00000

+x0*a 10110 +x0*a 10110

2p(1) | 110110 2p(1) |[1]|10110

p(1) 171011 |0 p(1) 11011 |0

+x1*a 10110 +x1*a 00000

2p(2) |1|10001 |0 2p(2) |1|11011 |0

p(2) 11000 |10 p(2) 11101 |10

+x2*a 00000 +Xx2*a 10110

20(3) |1|11000 |10 20(3) |1|10011 |10

p(3) 11100 |010 p(3) 11001 (110

+x3(a) 10110 +x3(a) 00000

2p(4) 11170010 |010 2p(4) |1|11001 (110

p(4) 11001 0010 p(4) 11100 (1110

x4*a 00000 (-x4*a) 01010

2p5 11171001 |0010 2p5 oloot110 (1110

p5 11100 |10010 p5 00011 (01110
a) 6)

Puc.1.20. [IpyHuMn yMHOXEHHSI METOIOM IPABOI0 CABUIa U

CIIOXKEHU:

a) ymHoxkenue -10x11; 6) ymHox)enune -10x-11

I[Ipy  yMHOXEHWHM  JBYX  OTPHIATEIBHBIX  YHCEI
NPE/ICTABICHHBIX JIOMOJHUTEIBHBIM KOJOM (Hampumep, -10x-11)
HEOOXOAMMO TPOM3BECTH JBa neWcTBus. [lepBoe HeoOXxoammo
YUYeCTh 3HAK MPH MPEJCTABIECHUU YHCTa B JIOMOJHUTEILHOM KOJIE,
YTO JOCTUTAETCs OOpalleHHeM MPOM3BEIEHUS CTapLIero paspsia
MHOJKUTENSI Ha MHOXXHMMOE C TOCJEIyIoIUM npubdaBieHueM 1 k
MITAIIeMy paspsiny. JlOmoMTHUTENbHBINA KO IPOU3BeIcHUs (—X4*a)
npu X4=1 ectb umcio 10. IlepeBon B OMOTHUTENBHBIN KOJ
npousBeneHus (—X4*a), JoMKeH OBITh OCYIIECTBIICH /IO OTEpPAIUH
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CIIOKEHUS, T.€. JIO TIOJy4CHHS YyJBOCHHOIO  YaCTHYHOIO
npousseaenus 2P(5).

Bropoe, mpu dopMupoBaHHHM YIBOSHHOTO YacCTHYHOTO
npousBeneHus 2P(5) HEoOX0AMMO TPOU3BECTH KOPPEKIIHIO, T.C. B
nosie MSB nocTaBUTh JTOTHYECKHI HOJb.

PaccMoTpuM  yMHOKEHHME UETHBIX YHCEI CO 3HAKOM
(puc.1.21). IIpu ymHoxkeHuu -4x-4 B mose MSB nnst ynBoeHHBIX
3HAUYCHWH YaCTHYHBIX Tmpom3BeneHuid 2p(1) m 2p(2) AOMKHBI
CTOSITh HYJH. A Tipu yMHOKeHUHU -8X-8 Hynb B nmoje MSB nomken
ObiTh eme O w s vactuuHoro mnpoussencHus 2p(3). [lanee,
NPUHIUI YMHOXKEHUS HE OTJIMYACTCS OT YMHOXKCHHUS YHCEI
IpEeCTaBICHHBIX JIOMOIHUTENBHBIM KOIOM (Hampumep, -10x-11).

MSB 2rverpana 1 reTpana MSB 2rerpana 1 TeTpana
a(-4) 11100 a(-8) 11000
x(-4) 11100 x(-8) 11000
p(0) 00000 p(0) 00000
+x0*a 00000 +x0%a 00000
2p(1) |0|oooo0 2p(1) |0|looooo
p(1) 00000 |0 p(1) 00000 |0
+x1*a 00000 +x1*a 00000
20(2) |plooooo |o 2p(2) |0|o0oo000 |0
p(2) 00000 |loo p(2) 00000 |00
+x2*a 11100 +X2*a 00000
2p(3) (1|11100 |00 2p(3) |o|ooooo |00
p(3) 11110 |000 p(3) 00000 |000
+x3(a) 11100 +x3(a) 11000
2p(4) [1|17010 [000 2p(4) |1|11000 |000
p(4) 11101 (0000 p(4) 11100 |[0000
(-x4*a) ogo100 (-x4*a) 01000
2p5 oloooot |oooo 2p5 oloo1o00 |ooo00
p5 00000 [10000 p5 00010 |00000

a) 6)

Puc.1.21. ITpuHmn yMHOXEHNS METOAOM IPABOrO CABUTa U
CIIO’KEHHUS: a) YMHOXKeHUe -4X-4; 0) ymMHOX)eHne -8X-8
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Ha pwc.1.22 nokazaH NOpUHOUI YMHOXKEHUS METOI0M
MpPaBOro CIABUra M CIOXKEHHS B B CiIydae KOrjJa MHOXHMOE
MOJIOKUTEIHHOE @ MHOXKHUTENb OTPULIATENILHOE YUCIIO.

MSB 2rtetpaga 1 Tetpana MSB 2tetpapa 1 Tetpaga
a(s) 00101 a) 00010
x(-3) 11101 X (-2) 11110
p(0) 00000 p(0) 00000
+x0*a 00101 +x0*a 00000
2p(1) |0|oo101 2p(1) |0|oo0o000
p(1) 00010 |1 p(1) 00000 |0
+x1*a 00000 +x1*a 00010
20(2) |olooo1o 1 2p(2) |o|ooo10 |o
p(2) 00001 |01 p(2) 00001 |00
+x2*a 00101 +X2%a 00010
2p(3) |0loo110 o1 2p(3) |o|ooo11 00
p(3) 00011 |oo01 p(3) 00001 | 100
+x3(a) 00101 +Xx3(a) 00010
2p(4) |olo1000 o071 2p(4) |0]|o00011 |100
p(4) 00100 |ooo1 o(4) 00001 |1100
(-x4*a) 11011 (-x4"a) 11110
2p5 |1|71171711 10001 205 |1]|11111 |1100
p5 11111 110001 p5 11111 |11100

Puc.1.22. [IpyHuMn yMHOXEHHSI METOI0OM IPAaBOro CABUTa U
CIIOKEHUS: a) YMHOXKeHHe 5X-3; 0) yMHOKeHue 2X-2

Pazpaborannerii MAC-6110K Tak ke CIIOCOOCH YMHOXAaTh
yrcna 0e3 3Haka. [t TOro mpuMeHsieTcs IPUHITAI, TTOKa3aHHbIH
Ha puc.1.23. EguHnia nepeHoca Tpu CIOXKEHUH B mojie ‘2
TeTpasa” yKe He HWTHOpHUpyeTcs, a mepeHocutcss B mome Cout
(curnan Cout sBisleTcss BBIXOJIOM TIEpEHOCAa MHOTOPA3PSIHOTO
CyMMaTopa MacIITaOuPYIOIIETO aKKYMYJISATOPA).
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Cout 2rtetpapa 1 TeTpaga 11 2 TeTpaasl

a 1111
X 1111
p© 0000
+X,a 1111
2pt) o[ 1111
pth 0111 |1000 120
+X,a 1111
2p@ [1]0110
p@ 1011 0100 180
tX,a 1111
2p® |1 1010
pR) 1101 0010 210
X8 1111
2p) 1 1100
p 1110 0001 225

Puc.1.23. [IpyHIMI YMHOXEHHS METOIOM IIPABOIO CABUIa U
cliokenusa. YMHoxenue 15x15

[TockonbKy NMPUHLIKITEI YMHOXKEHHUS YUCE CO 3HAKOM U 0e3
3HaKa OTJIMYAIOTCS TO HEOOXOAUMO OTKOPPEKTUPOBATh KOJ SI3bIKA
VHDL uugpoBoro aBromara (nmpumep). B konme comepxwurcs 6
OIIepaToOpPOB ProCESS KOTOPbIE, BHITOIHAIOTCS MapauleabHO.

LIBRARY ieeeg;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;
ENTITY avtomat IS
PORT(
Res,clk : IN STD_LOGIC;
X,A: IN STD_LOGIC_VECTOR(4 downto 0);
Ena_Add, LoadPSC,ena_shift,Stop,sub_add, sign: OUT
STD_LOGIC;
Q_sub_add : OUT STD_LOGIC _VECTOR(4
downto 0);
Q_stop :OUT STD_LOGIC_VECTOR(4 downto 0));
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END avtomat;
ARCHITECTURE a OF avtomat IS
TYPE state_values IS (SA, SB, SC, SD);
signal state,next_state: state_values;
SIGNAL cnt_sub_add: STD_LOGIC_VECTOR(4 downto 0);
SIGNAL cnt_stop: STD_LOGIC_VECTOR(4 downto 0);
BEGIN
statereg: process(clk,Res)
begin

if (Res = '1") then state<=SA;

elsif (clk'event and clk="1") then
state<=next_state;

end if;
end process statereg;
process(state)
begin
case state is
when SA=> next_state<=SB;
when SB=> next_state<=SC;
when SC=> next_state<=SD;
when SD=> next_state<=SA;
end case;
end process;
process (state)
begin
case state is
when SA=>Ena_Add<='0;

LoadPSC<='0";
ena_shift<="1";
when SB=>
Ena_Add<="1"
LoadPSC<="0";
ena_shift<="0";
when SC=>
Ena_Add<='0
LoadPSC<="0";
ena_shift<="0";
when SD=>
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Ena_Add<='0"
LoadPSC<="1";
ena_shift<="1";
end case;
end process;
process (clk, res)
begin
if (res ='1") then cnt_sub_add <=(others=>'0");
elsif (clk'event and clk ='0") then
cnt_sub_add <=cnt_sub_add+'1";
end if;
end process;
Q_sub_add <=cnt_sub_add;
process(cnt_sub_add,X,A)
begin
-- Cnyuaii 4
if A(4)='0"'and X(4)="1" then
sign<="1"; sub_add<="0";
case cnt_sub_add is
when "10001" =>
sign<="0"; sub_add<="1";
when "10010" =>
sign<="1"; sub_add<="1";
when others => sign<="1"; sub_add<='0";
end case;
-- Jlns cnyqaeB 1,2 u 3
elsif A(4)="1"then
case cnt_sub_add is
when "00010" =>
if (X(0)='0") then sign<="1"; sub_add<='0"; else
sign<='0"; sub_add<="0"; end if;
when "00110" =>
if (X(1)='0"and X(0)="0") then sign<="1"; sub_add<='0"; else sigh<="0";
sub_add<='0"; end if;
when "01010" =>
if (X(2)='0"and X(1)="0"and X(0)='0") then sign<="1"; sub_add<="'0"; else
sign<='0"; sub_add<="0"; end if;
when "01110" =>
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if (X(3)="0"and X(2)='0"and X(1)='0"and X(0)='0" then sign<="1";
sub_add<='0"; else sign<='0"; sub_add<='0"; end if;
when "10001" =>
--2S complement else no 2S complement
if (X(4)="1") then sigh<="1"; sub_add<="1"; else
sub_add<='0";sign<='0";end if;
when "10010" =>
----2S complement and 2p[5]=0 else no 2S complement and 2p[5]=1
if (X(4)="1"
or (X(4)='0"and X(3)='0"and X(2)='0"and X(1)='0"and X(0)='0")
then sign<="1"; sub_add<='0"; else sub_add<='0";sign<='0"; end if;
when others => sign<='0",
sub_add<='0";
end case;
end if;
end process;
process (clk, res)
begin

if (res ='1") then cnt_stop <=(others=>'0");

elsif (clk'event and clk = '1") then

if cnt_stop = "10101" then Stop<='1";

else cnt_stop <= cnt_stop+'1’;

end if;

end if;
end process;

Q_stop <= cnt_stop;
END a;
IMpumep. Kon sa3pika VHDL-tudpoBoro asTomara

YMHOKUTENS

[lepBbie Tpu omeparopa ProcessS peamu3yloT HU(PPOBOI
aBTOMaT Mypa Ha 4 COCTOSIHUS C JIOTHKOH MepeX0oa0B M JIOTHKON
(dopMupoBaHUs BBIXOJA IS YIPABICHUS MPOLIECCOM YMHOXKCHUSI.
[TaMsATh COCTOSIHMH (PErucTp COCTOSIHWH) aBTOMAaTa TaKTHPYEeTCs
(GpoHTOM cHHXpOouMITYJIbca. Hamo nmpuHUMaTh BO BHHMaHHE, YTO
Ha CHHXpoBxoJ aBTomara ClK moxakmrodeH wHBEpTOp. ABTOMAT
dopmupyer 3 ympamnsronux curiaga ena_add_temp (curman
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pa3pelieHusT CyMMHUPOBAHHSI ~ MHOTOPa3pSAHOMY  CyMMaTopy
MacIITaOHPYIOIIETO AKKyMYJISITOpa), load_acc (curnan
paspelieHusi 3arpy3kd B PETUCTP CO CIBUTOM BIIPAaBO) H
ena_shift_temp (curuan paspemenus capura) (puc.1.24).

UeTBepThlld omepaTtop pProcess mnpeAcTaBiIseT coboit 5-
paspsaHBI CYMMHPYIOIIMI CYETYMK Ha curaaize cnt _sub_add
(taktupyercs cpesom cuaxpoummyibca Clk'event and clk = '0").
Takum o00pa3om, ymaercs 00€CIeunTh KOHBEHEPHBIH pPEKUM
paboThl  MacmTaOUPYIOIIEro  aKKyMyJsaTopa, TpH  3TOM
dopmupyembie curnanst ena_add_temp, load_acc u ena_shift_temp
SIBIISIIOTCSI CHHXPOHHBIMH JUIsSI BCEX PETUCTPOB YMHOXKHUTENs. Tak
BTOPOU MeEpeqHHUid (PPOHT CHHXPOUMITYJIbCA OKA3bIBACTCS POBHO
HaJl MOJOBHUHOW BBICOKOrO ypoBHs curHain ena_add temp. Yro
obecrieyrBaeT KOPPEKTHYIO paboty CHHXPOHHOT'O
MHOT'OPa3psIHOr0 CyMMAaTopa MacIITaOMPYIOIIET0 aKKyMYJITOpa.

CornacHo cxemam Ha puc.1.20-1.23 yaBoeHHbIE YacTUYHbBIE
npoussencuus 2p(1), 2p(2), 2p(3), 2p(4) u 2p(5) OyayT mosydeHsl
Ha 2, 6, 10 u 14 Takrax curHama cnt_sub_add.

[IaTelii omepaTop ProcesS B CHHCKE YyBCTBHTEIBHOCTH
KOTOpOro, CTOMT curHan Cnt_sub_add, wucmomb3yercs Kak
netmbparop cinydaee 4 u 1,2 u 3. Ha curnane cnt_sub_add
OCYIIECTBIISETCS OJICUET CUHXPOUMITYJIHCOB.

Paccmorpum moapo6uo cimydan 1, 2 u 3 when "00010",
"00110", "01010". IlpuBemem mnpumepsl aas MHOxHUTENS X:
X=XXXX0 (wanpumep, 11110 BIN wm -2D), X=XXX00
(manpumep, 11100 BIN unu -4D wnm ke yucino co 3HakoM -12,
(10100 BIN), rne uerBepthIii pa3psa HyneBoit), X=XX000 (11000
BIN wmu -8D). X- unm normueckas 1 wim norudeckuit 0. B ciyqae
OOHapyXeHHs 3TUX YHUCel, IUPPOBON aBTOMAT CHOPMHPYET JBa
curHaina Sign<='1' u sub_add<='0" gns Toro uroOsl B moae MSB
(2p[5]) ycranoBuncs nmormueckuid 0. B 3Tux ciaydasx yMHOXeHUE
UJET COTJIaCHO IPUHIINITY, TIOKa3aHHOMY Ha puc.l.21.

CymectByer eme ciaydait when "10001" xorma Oynmer
nojcuuTad 17 TakT cuHXpoumnynbca. [Ipu 1ocTHkeHnu KOToporo
dopmupyeTcst TBOMYHOE JIOMOJHEHUE. DTO paclpoCTpaHseTcs Ha
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YMHOKEHHE JIBYX YETHBIX OTPUIATEIBHBIX YHCEI M Korja o0a
Yrciia OKa3bIBAIOTCS OTPHUIIATEIILHBIMHU, OJHO W3 KOTOPBIX MOXKET
OBITh YETHOE, a IPYrOe HE YETHOE U Ha 000POT.

Curnan sub_add wcrmons3yercst 11 MoJa4u JOTHYECKOM 1
HAa BXOXI IMepeHoca  MHoropaspsgHoro  cymmaropa  Cin
MacIITaOUPYIOIIETO aKKyMyJIsITopa, B ciy4ae OOHapykeHus | B
crapmieMm paspsae X(4)=1 a Tak ke JUIsl CEJICKTUBHOW WHBEPCHUH
yricaa A Tpu TIepeBo/ie ero B 00paTHBIN KOJI.

Korma Oyner moacuurtan 18 TakT cuHxpocurHaiga (when
"10010") mudpoBoit aBTomMar chopmupyer curHaiabl Sign<='l" u
sub_add<='0"u B mosie MSB Oyzet ycraHoBieH Joruyeckuii 0.

[lecroit omepaTop Process peamu3yer CXeMy OCTaHOBa
nporecca YMHOXKCHHUSI HA CYMMHUPYIOIIEM CYETYUKE TAKTHPYEMbIM
cpe3oM cuHXpouMiyibca. [Ipu noctikenue 21 cHHXpOUMITYIIbCA
BbIpa0aThIBACTCS CUTHAI OCTaHOBa StOp.

Ha puc.1.24 noka3an BepXHUil ypOBEHb HEPAPXHUU POCKTA
YHUBEPCAIBHOTO YMHOXHTEJS JIBYX 4YHCEI B JIOTIOJHUTEIBHOM
KOJe, Kak co 3HakoM, Tak u 6e3, B CAIIP ITJIMC Quatus Il Web
Edition 13.0.1sp1 (coopka 232). B oTiuume OT CXeMbl YMHOKEHHSI
0€33HaKOBBIX YHCENl B CXEMY BBEJICHA JIOTIOJIHUTENIbHAS MpOBEpKa
Ha 3HaK. Eciam curnanm gg=1 To MHOXkuUMOe A U MHOXKHUTEIb X
Oe33HakoBble uncna. Ha puc.1.25 yepHbIM, KpacHBIM H 3€JIEHBIM
[[BETOM OTMeueHa JONOJHUTEIbHAs JOrMKa oOecreuuBaromas
YMHOXEHHE YKCeNl Kak cO 3HaKOM Tak W 0e3. biok complementer
oOecrieunBaeT  (opmMupoBaHMe  oOpaTHOro  koja. Pexum
NEePeKII0UEeHUsT MeXAy 0€3- M 3HAKOBBIMM YHCIaMH 00eCreuyruBaeT
MYJIBTUIUIEKCOp MUX21 (BbIIesneH Ha puc.l.25 3eeHbIM IIBETOM)
Ha aJpecHBIi BXOJ KOTOpPOro mnojaercs curHai ¢g. B memom
OPUHIMI ~ pabOThl  MAacCHITAOUPYIOMIETO  aKKyMyJsTopa  He
OTJMYAeTCd OT AaKKyMmylsiTopa Uil O€33HaKOBBIX 4YHCEN, 32
UCKJTIOUEHHEM YBEIMUYCHHS Pa3psaIHOCTH BceX OJIOKOB Ha 1 OHT.

ITone MSB (puc.1.25) dopmupyercs ¢ mOMOIIBIO ABYX
anemenToB uckmovarmee NN (XOR). BecnomorarensHas cxema
BblieieHa Ha puc.l.25 kpacHbiM 1nBeroM. OIMH M3 BXOJOB
anemenTa XOR (inst10) moakiio4eH K HANPSHKEHHUIO MUTaHUS. JTO
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HeoOXoauMoO g 3aronHeHus noiss MSB normueckoit 1 winum
noruueckuM 0, Kak TpeOyroT cirydau 1-4.

Ha puc.1.26 u 1.27 nokazans! ciaydau 1 u 2, a Ha puc.1.28
ciydaii 4. B ciyqae 1 B mone MSB B mporecce yMHOKEHUS
coxpaHnsercs Jjoruueckas 1. B caysae 2, B mome MSB mnpu
BBIYKCIICHUM  YABOCHHOIO YacTU4HOro mnpousseneHus 2p(5)
nponuceiBaeTcst jJorndyeckuii 0 mo 18 TakTy cuHxpoumimylibca. B
cinydae 4 B mosie MSB Bce MporCcXOauT C TOYHOCTHIO 10 HA00OPOT.

Ha puc.1.29 noka3anbl T€CTOBBIE CXEMbI JJI1 YMHOXEHHUS -
10x-11 mns peamusamuu B IIJIMC cepun Cyclone Il. Ha Bxonx
coeff_in[4..0] wmerapynkuun ALTMEMMULT mnoakmovaeTcs
koHcranTa -10 (22D). Takoe ke 3HaYCHHME IMOAKIIIOYACTCA M Ha
Bxon AA[4..0] paspaborannoro MAC-6moka (puc.1.29). Ha
nH(pOpMaMOHHBIN BXOJI data_in[4..0] MerayHKIUu
ALTMEMMULT wu na Bxox X[4..0] MAC-610Ka mogaercst 4uciio
-11. Ha puc.1.30 nmokaszan mpouecc ymHoxkeHus -10x-11 MAC-
O0mokoM u MeradyHKIuEH Ui ciaydas, KOrJa KOHCTaHTa
3arpykaercs ¢  BHEIIHero mopta. B meradyHKIuio,
MpeIBapUTENbHO 3arpykeHa KOHCTaHTa (PEeXUM 3arpy3kd U3
onounoit mamsitu [IJIMC), uncno 3.

Wtak, B pmanHOM pasznene paspaboran MAC-6nok c
UCIIONIb30BAaHMEM METOJIa TMPaBOTO CABUTAa U CIOXKEHHUS JUIS
YMHOXEHHSI YUCENl TIPEJICTABICHHBIX B JOMOJHUTEIHHOM KOJE KaK
YEeTHBIX TaK U HE YETHBIX, TaK CO 3HAKOM M 0€3, ISl pealn3aliuu B
6azuce ITJIUC. Ilpemnoxennas cxema peanusauun MAC-610ka
yMHOkaeT 3a 21 TakT CHHXPOYAaCTOTHI U MOXET OBITh
UCTIONIb30BaHa nipu npoektupoBanuu KUX-punbTpos.
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1.6. O61mue cBeleHUsI O MPOrPAMMHBIM YMHOKHTEJISAM
B O0asuce IIJIUC

B TUIMC gns  moBbIIeHUS HMX  (QYHKIIMOHATBHBIX
BO3MOYKHOCTEH BCTpamBaroT, Hampumep, mius cepuu Cyclone 1l
¢Gupmer Altera anmapaTHple YMHOXKHTEIH KOTOPBIE MOTYT OBITH
CKOH(UTYpUpOBaHbI B BHJE OAHOTO YMHOXxHUTens 18x18, nubo B
Buze AByx ymHoxkutened 9x9. Tak ITJIMC EP3CLS200 comepxut
396 annapaTHbix yMHOXHUTeNeH 18X18, a Ha ocTaBIIMXCS pecypcax
MOKeT ObITh peanus3oBaH 891 mporpamMmubIii yMHOXHUTETH 16X16.
B wurtore cymmapHoe uncio ymHoOuTeneil cocraBiser 1287 6e3
Kakoro Ju0O 3HAUYMUTEIBHOTO  MCIOJIb30BAaHUS  JIOTMUYECKUX
pecypcoB.

Jna  ycrpoiictB uudpoBoii 00pabOTKM CUTHANOB ceOs
XOpOUIO 3apeKOMEHA0BAIN  CO(PT-yMHOXKHUTEIH (IIPOrpaMMHBIE
YMHOXKUTENM) KOTOpble, HE TpeOylT pecypcoB ammapaTHBIX
yMHOXuTeneil  BcrpoeHHbIx B 0Oasuc [IJIMC. IloBbicuTh
HPOM3BOIUTENILHOCTh YCTPOUCTB M(PPOBOI 00pabOTKM CHUTHATIOB
NO3BOJISIET TaK JK€ MCIOJb30BaHME MapayljIebHOIO BEKTOPHOTO
YMHOXXUTENS U “0e3 YMHOXXUTEJIbHBIE” CXEMbl YMHOMKEHHS C
UCIIOJIb30BAHUEM OCHOB PAaCHpPEeICHHON apu(pMETUKH.

PaccmoTpuM mapasuienbHble IPOTrpaMMHBIE  YMHOXKHUTENN
CHOCOOHBIE  BBIUMCIATH  MPOU3BEJIEHHE 3a  OJWH  TaKT
CHUHXPOUMITYJIbCa OOecIeurBas HauBBICIIYIO TPOU3BOIUTEEHOCTh
ycTpoiicTB  1udpoBoil  00paboTku  curHaioB. [Iporpammuble
ymuoxkutenu BUC nporpammupyemoit soruku (BUC ITJT) dpupmer
Actel cepuii Fusion, IGLOO wu ProASIC3 peanusyrorcs Ha
O650yHON MamATH MeHblIeld pa3mepHocTH, yeM y [IJIMC dupmer
Altera u ux MOXXHO paccMaTpuBarh Kak 8-mu BXxomoBble LUT wm
Tabauipl npousBeaeHuil. Tabmuia Npou3BeAEHUH MHOXHMOTO,
3anucaHHas BO ()parMeHT OyouHOM mamsaTH U HasbiBaeTcst LUT.
Tabmn.1.2  moka3plBaeT  YMHOXHUTENb  pa3MEpHOCTBIO  3X3
peaM30BaHHBIN ¢ TOMOIIBI0 6-TH Bxo10Boi LUT.
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Tabmuma 1.2
YMHOXHUTENb pa3MEPHOCTHIO 3X3 peaiIn30BaHHBIN C
OMOIIBI0 6-Ti BXxomoBoi LUT

MHoxkumoe

000 001 010 011 100 101 110 111

o0ojooooon) 0ooooo | 000000 Jo00000§000000J000000§ 0000004000000
o01joooo0oy 000001 | 000010 JOOOO11QO00100J000101Q0001 10000111
010joooooo] oooo10 | ooo1o0 Joootiofootooojooto1ofoot100font110
0411jooooony 000011 | 000110 JOO1 001§001100Q001111§010010401 0101
1004000000) 000100 | 001000 JOO11000010000401010000110004011100
101]000000) 000101 | 001010 QOO 11100101 0040110010 0111100100011
110§000000] 000110 § 001100 JO10010§011000§01111041001 004101010
1110000000 000111 | 001110 JOU010MQ0111001 000110 101010011 0001

MHoxuUTENBD

Hanpumep, y IIJIMC ¢upmbr Actel ucnomnssyercs O3V
eMKOCTBIO 256 cimoB X 8 OuT (256 8-MH pa3psaIHBIX CIOB), a Y
I[IJINC ¢upmer Altera moxer wucmonb3oBathest mamsate M4K
KOTOpasi MOKeT ObITh CKOH(pUTrypupoBaHa Kak 128 cioB X 36 Out
win 256 cioB X 18 out mst cepun Cyclone Il. Takue ymHOXHTEN
nonydnnd HasBaHue RAM-LUT-ymuoxurenn wmm LUT-based
YMHOXHTEIH.

Ha puc.1.31 mnokazan ymHOXuTenb 4x4 Ha 0aze
cuHxpoHHoro O3V emkocThio 256 8-MU  paspsiiHBIX CIIOB.
Muoxumoe (Miaamme 4-pa3psiia aapecHO MIMHBI) U MHOXKHUTEIh
(crapmue 4-pa3psiia aApecHOM UIMHBI), MpeAcCTaBIeHHbIE 4-X
pa3psAHBIM TBOMYHBIM KOJOM OOBEIUHSIOTCS B 8-MU pa3psaHYIO
a/IPECHYIO LIUHY, aJJpecysi CBOUM YHHKAJIBHBIM KOJOM CO/IEPKUMOE
KOHKpeTHOM cTpoku O3Y (omepanpsl), sBiAsIolIeecs 8-MU
pa3psAIHBIM IPOU3BEICHUEM.

HenocratkoM Takoro yMHOXHUTENS SBISETCS  PE3KOe
BO3pacTaHue TpedyeMoro oObema OJOYHOW MaMsATH B ClIydae
YBEJIMUEHHs €ro pa3psaHocTH. s yMHOXUTENs pa3MEpHOCTBHIO
8X8 Tpebyercs 65536 16-Tu pazpsamubix cioB. [loaToMy uTO OBI
OPEeIOTBPAaTUTh  POCT  TpeOdyemMoil MmaMaTH Ha  MPAKTHKE
UCTIONB3YEeTCSI YMHOXKHUTENh HAa CYMMHPOBAHMHM YaCTUYHBIX
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NPOM3BEACHUN B COOTBETCTBHM cO cBoMM Becom (partial product
multipliers).

Ha puc.1.32 nokazan mpumep YMHOXKEHHUS JECATUYHOIO
yucna 24 na 43. Hanpumep, nnpousBeieHHIO 2 Ha 4 IPUITKUCHIBAETCSA
Bec 100, 9YTO paBHOCUJIIBHO CIBHUTY Ha 2 TO3WIMU B JECATUYHOMU
cucteme. B 3ToM ciiyyae HEOOXOIUM YMHOKHUTENb Pa3MEPHOCTHIO
8x8. OgHako cornacHO MPUHIIMITY YMHOXKEHUS C UCIIOJIb30BAaHUEM
YaCTUYHBIX  Ipou3BeneHUd  TpeOyercs 4 yMHOXKHUTENs
pasMepHOCThIO  4X4 s GopMupoBaHuUs 4 YACTHYHBIX
MPOU3BEICHUI u 3 cyMmaropa:
(4x3+((2x3)x10))+((4x4)+((2x4)x10)x10)=1032. Ha pwmc.1.33
MOKa3aHa CTPYKTypHas CXeMa TaKOT0 YMHOXHTeNs. Tak ke Ui
caBura Ha 1 u 2 JecsTUYHBIC MO3UIMU TOTpedyeTcs 3 CIBUTOBBIX
peructpa Ha 4 pa3psga BIEBO U JIONOJHUTENbHBIE OJIOKH,
BBITMIOJHSIONINE OINEpali pPacHIMpEeHusi 3HaKa CO 3HAYCHUEM
CTapuIero paspsja.

Muoxmmoe[3:0]

BhixoaHble

Anpec[7:0] | paHHbIe[7:0] Peaynerar[7:0]
| MHoxuTens[3:0] CuHxpoHHoe O3Y
emMKkocTeio 256

8-pa3psaHbIX CroB

Puc.1.31. [IporpaMMHBI yMHOKUTENH pa3MEPHOCTEIO 4X4 Ha 0aze
O3V emkocThio 256 8-Mmu pa3psaHbix cioB (256x8) dupmer Actel
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24 24x0=0
43 24x1=24
s T2 24x2=48

96 24x3=T72 2
1032 24x%4=96
24x%9=360 72

960 < cheur Ha 1 no3nwMo
1032 B COOTBETCTBMM C
BECOM JECATUYHOMD

Koga
4 A 24 A 4 A x 24 A
* 43 B 13 B * 43 B 47 8
12
80 < cagur va 1 noauynio 160 < cgeur Ha 1 nosuyno
B COOTBETCTEMN EACDDTEETCTE“M H 8 < CABUT HA 2 NO3uLuK
—_ € BECOM ABCATUUHOMD Koaa
1032 1032 A A 1032 ¢ secom gecATnumoro koga | |00 ECCEDEDCTDE,'\,?TCTEH"

5} ABCATHYHOTO Ko4a

Puc.1.32. IlpuHuun ymHOXeEHHS: a) “B CTONOMK’ MO MpaBUILY
YMHOKEHHS JCCATUYHBIX YUCEN; 0) C MCIIOIb30BAaHUEM YaCTUYHBIX
NPOM3BEICHUH; B) YMHOKEHHE HA KOHCTAHTY

A[3:0] ;L it 8
B[3:0]
-
4
A[7:4] + it 8 —
B[3:0] 12
-

N

)

@

A3:0] ;L 4xd 8
B[M]+ N 12 18
A \
: (+
Al7:4] + dxd 8 —
B[7:4] + 12

4
Puc.1.33. CtpyKkTypHast cxeMa YMHOXKHTEINS Pa3MEPHOCTHIO 8X8 ¢

HCIIOJIb30BaHUEM 4-X YMHOXKUTENEH pa3sMEepHOCThIO 4X4

PaccmoTpuM mporpaMMHBIE  YMHOXHUTEIM Ha KOHCTAHTY.
Opnna w3 Haumbojee paclpoCTpaHEHHBIX Omepauuil HUPPOBOIt
00paboOTKH CHTHAJIOB - YMHOXKGHHE YHCJIa Ha KOHCTaHty. [lms
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NEPEMHOXKEHHST JIBYX YHCEN JIOCTaTOYHO HMETh  TalIUILy
NPOM3BEACHUN MHOXHMOTO (KOHCTAHThI) Ha BECh PAHT BO3MOXHBIX
mupp wmHOXKUTens (Tabim.1.3) M OCyIIECTBHTh KOPPEKTHOE
CYMMHPOBAHHE TOJIYYCHHBIX YACTUUHBIX Mpou3BeAcHui (puc.1.32,

B).

Tabmuma 1.3
YMHOxeHue 4-X pa3psaHOTro YMcia Ha KOHCTaHTy 24
(puc.1.32, B)
Bxojsl X[3]
X[2]1 | X[11 | X[0] 0 1
000 0 192
001 24 216
010 48 240
011 72 264
100 96 288
101 120 312
110 144 336
111 168 360

[Tporpammubie ymHOkHTenH Gupmbl Actel peanusyrores Ha
8-mu BxomoBbix LUT. MHoXuMMoe (KOHCTaHTa) B ITOM cliy4ae
npenonpeaeneHHo. B aTom cnyyae HeoOxonuMo 2 O10ka mamsTH
€MKOCTBIO 256 8-MU pa3psIHBIX CJIOB MTO3BOJISIOLINX OPraHU30BaTh
MaccuB mamsaTH 256 16-TH paspsiHBIX CIOB M3 JIByX OJIOKOB
€MKOCTBIO 256 8-MU pa3psAHBIX CIIOB, BBIXOAHAS IIMHA KOTOPOTO U
eCTb 16-TM paspsAaHbId  pe3ylbTaT YMHOXEHHS JBYX &-MHU
pa3psaHbIX ymcen (puc.1.34).

[Mporpammubie  ymuHoxutenu ¢upmbl  Altera. Hamuuue
BCTpOeHHOH OnouHod mamsatu TriMatrix™ g [IJIMC ¢upmsr
Altera, nanpumep, Tuna M9K ucnonszyemoit B kayectse LUT B
KOTOPBIX ~ XpaHATCS YacTUYHbIE TMPOM3BENEHUS, IO3BOJISET
peaIn30BbIBaTh MapajuIeTIbHbIE YMHOXKHUTEIHU, SKOHOMS NPH 3TOM
HE TOJIBKO amlmapaTHbIe YMHOXXHUTEIH, HO M PECYpChl JIOTHUECKUX
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610k0B. Hanmnume mporpaMMHBIX- U anmapaTHBIX YMHOXHUTeENEH
IOPUBOJIUT B LIEJIOM K YBEJIWYEHHUIO OOIIEro 4uciia BO3MOXKHBIX
YMHOXHUTEICH.

n pefonpefeneHHoe MHOXUMOe

O3Y (256%16), nony4eHHoe
nyTem oGLeanHeHna 5
Munmmenb[T:D]l I Anpec[7:0] | [ AByx Gnokos 2565 W na:g‘:sa%i)] Pesynbtat(15:0]

CuHxpoHHoe O3Y
EMKOCTEIO
256
8-pa3pagHbIX
cnos

CuHxponHoe O3Y (-
EMKOCTbIO
256

B-pacnggﬂumx

Puc.1.34. IIporpaMMHBIi yMHOKUTENb pa3MEepPHOCTBIO 8X8 uuncia
Ha KOHCTaHTy Ha 0a3ze O3V eMKocTbio 256 16-TH pa3psiiHBIX CIIOB
bupmer Actel

Vcnonb30BaTh NporpaMMHBIE U allllapaTHbIE YMHOXKHUTEIN B
IOPOEKTe  MOJb30BaTeds]  BO3MOXKHO  4epe3  Mera(yHKIUH.
Meradynakuuu Ipm_mult, altmult_add u altmult_accum mo3sosstror
UCIIOJIb30BaTh anmaparHble YMHOKUTEIH. PaccmoTpum
merapynkuuio ALTMEMMULT — nporpaMMHBII yMHOXHUTEIb.
Meradpynkuus ALTMEMMULT  mno3Bonsier  OCYIIECTBISTH
npolecc YMHOXKEHHUS yKciia Ha KoHCTaHTy C, mpu 3TOM KOHCTaHTa
MOKeT XpaHuThcs B Onounoi nmamsatu [IJIMC mmubo 3arpyxaercs c
BHEIIIHETo 1MopTa.

Jnsa THJIMC cepun Cyclone Il Bo3MOXHO HCIOIB30BATh
toabpko namate M4K (128x36 6ut) nnmm pexxum Avto. Hanpumep,
I[UINC EP2C70 conepxur 250 6mokoB M4K. Ha puc.1.35
NOKa3aHa uJes YMHOXKEHHUS 4YHciIa Ha KOHCTaHTy. B 1enmom,
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MPUHILIMIT YMHOXKEHHUS, TIOKa3aHHBIA Ha puc.1.35 He oTianyaercs oT
paHee paccMOTpeHHOro. [Ipu 3TOM 4KcI0 U KOHCTAaHTa MOTYT OBITh
KaK co 3HaKoM, Tak u 6e3 Hero. Ha puc.1.36 mokazan npuHIun
MOCTPOCHHUS MPOrPAMMHOT0 YMHOKUTENSI 16 pa3psaHOro yucia Ha
10  pa3psaHyro KoHcTaHTy (0o6o3HaueHa OykBoii C) ¢
ucrosnb3oBaHueM 0J0koB mamsaTu Tuna M4K Gosbiiero pasmepa
yem y BUC IIJI ¢upmer Actel mis crnydas korjga KOHCTaHTBI
XpaHATCA B OJIOYHOW MaMsTH, T.€. OTCYTCTBYET BO3MOXKHOCTb UX
3arpy3kd U3 BHE (OTCYTCTBYIOT aJ[peCHbIC MOPTHI AJI 3arpy3KH
K03 PHUITUEHTOB).

Yucno[15..8] Yueno [7..0]
3HaKoBaga yacTe uucna, MSB BessHakoBas uacTe uucna, LSB

A B

—

HEENEEEN [ [ TTTTT] “Yveno[15.0]
X AAAAAANAAS/] Konetanta [9..0]

— —

Pacwmperve sHaka
4

PP AAZAAAZIAIZIZIZIZ) LS8 HacTwanos npossenetwe [17..0]

Cosur Ha 8

-+ PPV IIIIVA Wﬂoa aneso MSB YacTuuHoe nponssenetue [25..8]

I e i
Mult_Results [25..0]

CyMMa ABYX CUrHanos
YacCTUUHBIX npomaaenerml?l
MSB n LSB

Puc.1.35. Unes napanienbHOro yMHOKEHHs! 16-TH pa3psIHOro
yucia Ha 10-Tu pa3psiHyr0O KOHCTaHTY

Bxonnoit 16-Tu paspsaHblii curHan pasiensercs Ha JBa 8-
MU DPa3psIHBIX CUTHaNa ¢ uMeHamu LSB (Mmammmwmii 3Havanmit
paspan) u MSB (crapmmii 3navammii paspsp). Curnan LSB
aapecyercss k Onoky nmamsatu M4K ¢ oJHOMMEHHBIM Ha3BaHHEM
LSB, a curman MSB anpecyercs k Omoky mnamsatu M4K ¢
OIHOMMEHHEIM Ha3zBanuemM MSB. B 0Omounoit mnamstu LSB
XpaHarcs 256  TpenBapUTENbHO  BBIYMCIEHHBIX  YaCTUYHBIX
npousBeneHuii ¢ umeHem “LSB Yactuunoe npoussenenue [17..0]”
(Mnajmiee YacTUYHOE NPOU3BENIEHUE) pa3psSAHOCThIO 18 OUT ¢
nuramnasonoM ot 0 go 255xC, a B mamsatu MSB ¢ nuamasonom ot 0
no (-1)xC  xpanmstcs 256 TpeABapUTENBHO  BBIYHMCICHHBIX
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YAaCTUYHBIX Mpou3BeAcHU ¢ wumeHeM “MSB  Yactuunoe
npousBenenue [25..8]” (cTapmiee 4YacTUYHOE IPOU3BEICHHE).
Janee, crapiiee 4acTUYHOE IPOU3BEIEHNUE HEOOXOAMMO CABUHYTH
HA 8§ pa3psAoB BIEBO a 3aTEM OCYIIECTBUTh CKBO3HOE
CYMMHUPOBAaHHUE.

/[ ADDRESS [ MULT_RESULT
/ 00000000 0
/ 00000001 T
/ 0000010 2xC
/ 00000011 3xC

11111110 -2xC
11111111 -1xC

MA4K RAM (1)

_ Block (LUT)
Input [15..0] > 256 x 18
MSB (MSB)

( \ .
—‘» Output [25..0]

8 M4K RAM (1) 18
Block (LUT)

= 256x 18 D

(LsB)

ADDRESS | MULT_RESULT
00000000 0
N 00000001 C
AN 00000010 2xC
AN 00000011 3xC

AN EEEEREEY 254%C
[RRRKERE! 355 C

Puc.1.36. IIporpaMMHBIii napaienbHbli yMHOXKHUTEIb 16-TH
paspsaaHoro yncia Ha 10-TH pa3psIHyI0 KOHCTAHTY pa3MEpHOCTBIO
16x10 ¢ ucnonpzoBaHueM AByX 610koB namstu tuna M4K B
kauectBe LUT ¢upmer Altera

YMHOXKEHHE (AKTHUECKH OCYIIECTBIseTcsl 3a 1 TakT
CUHXPOUMITYJIbCA HEOOXOAUMBIN [T 3arpy3KHU BXOJHBIX 3HAUEHUH
curHasioB LSB u MSB B anpecubie nopTsl 6;10k0oB namstu. Ere
JBa TakTa TpeOYyloTcs Uil  KOHBEWepH3alluM  3aJEpPiKKH
BBIYUCIICHUH, T.K. BBIXOJHbIE 3HAa4YeHUs OJOKOB MaMITH,
npeCTaBisiomuye co00il YacTHUHBIE POU3BEIEHHS JOKHBI ObITh
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elie MPOCYMMHPOBAHBI

C COOTBCTCTBYHOIIMMH BECaMU  IJI

NOJTy4eHUs 26 pa3psIHOro pe3yabTaTa YMHOKCHHUS.

B kadectBe mpumepa Ha puc.1.37 moka3zaHbl HacTPOMKH
merapyakiiuu ALTMEMMULT s ymHOXKEHHST 4- pa3psiTHOTO
YHClia MPEACTaBIEHHOrO JOMOJIHUTEIBHBIM KOJOM U 4- pa3psaHon
KOHCTaHTBl 3arpyaemMod M3 BHENIHEro mnopra. B stom ciyuae
tpedyetcs 20 LUT noruveckux 0J10KOB TUTOC 1 OJIOK maMsATH THIIA
M4K u 20 tpurrepos (20 lut+1M4K+20 reg). B cioyuae 3arpys3ku

KOHCTaHTHI U3 0104HOM mamsaTu Tpedyercs Bcero numb 1 M4K.

MegaWizard Plug-In Manager [page 1 of 3]

'Zj ALTMEMMULT

mult

data_in[3..0] resul[7. 0] 1=

—

E— coeff_in[3..0] load_done 1+
k— sload_coeff
-
-

sclr Sata inesioned

data_in=signed
clock coefficient=signed
Total Latency = 2

20 lut = 1 M4K + 29 reg|

Currently selected device family:
[] Match project/default
How wide should the 'data_in' input bus be? bits
What is the representation of 'data_in'?
How wide should the coeffident be? bits
What is the representation of the coefficdent?
What is the value of the initial coeffident? 1}

Create ports to allow loading coeffidents
Create a synchronous dear input
What should the RAM block type be?
) Auto M512 @) MK

The megafunction will output the result 2 dock cydes after receiving input.

The megafunction can accept a new input 1 dock cydes after accepting the previous
one,

| Cancel || < Back H Next = H Einish ‘

Puc.1.37. Merapynkuus ALTMEMMULT nHactpoenHast, st
peanu3aiuy NporpaMMHOTO YMHOXKUTENS 4X4

[Mpuatun moctpoenuss Ha puc.1.36 HE pacKphIBaeT Bce

TOHKOCTH TaKOro YMHOJKHUTEIIA.
60
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omepauusi pacmMpeHuss 3Haka uyuchaa. Ha pwuc.1.38 mnokaszan
NPUHIUI TOCTPOCHHS MPOTPAMMHOIO YMHOXKUTEISI HA KOHCTAHTY
pa3sMepHOCThI0O 8X8 C Hcmoab30BaHWEM JBYX 4- BxomoBbix LUT
I[TJINC cepun XC4000. Ha puc.1.38 o6o3naueno: V- BXoaHO# 8-
MU pa3psiaHbld curHair; P1 u P2 - mumanmee u crapiiee 4acTUIHBIC
npousBeneHus; C- KoHcTaHTa. B yacTHOCTHM TOKa3aHO Kak Ha
NPaKTUKE OCYIIECTBIIICTCS CIBUT Ha 4 paspsga BieBo. s
YMHOXUTENST TpeOyeTcs 25 KOH(DUTYpUPYEMBIX JIOTHUECKUX
osokoB (KJIB). OObenuusis Takue YMHOXXHTEIHW B CEKIMH (OJIHA

CEKIUS

Ha OTBOJ

BBICOKOTIPOM3BOIUTEIIbHBIN
paboTarommii Ha yactotax 50-70 MI'm.

Y

8-M1 paspspHoe cnoeo \/
r 2 1

6 KN

55 4 3 2

LuT2 LUT1 6 KNE

bunpTpa)

V;VgVs Vg 0000 | V1

0000 wvzvyvivg| VO

V=V1+V0

VxC = V1xConst +V0xConst = P2+P1

(

+

o

Pacuww
v P1

[T TTIAAAAAAAAAA
11117171171/ 1-Tele]o]o

pa
<

P2

16-Tu paspagHoe
npousseaeHne

SIGNT

BIT

18 cTapiumx
YACTUYHBIX
nNpouzBeasHI
PaspAgHOCTEIO
12 6ur

MOXHO IIOCTPOUTD
MapaJuIeIbHbIA KUX-punstp
P2 P1
ADRS LUT2 LUT1

0 0000f) O 0

1 0001 1 x Const 1 x Const
2 0010 2xConst  2x Const
3 0011 3xConst 3 x Const
4 0100 4 x Const 4 x Const
5 0101 5 x Const 5 x Const
6 0110 6x Const 6 x Const
7 0111 7 x Const 7 x Const
8 1000] -8xConst 8x Const
9 1001| -7xConst 9xConst
A 1010] -6xConst A xConst
B 1011] -5xConst B x Const
C 1100 -4 x Const C x Const
D 1101] -3xConst D xConst
E 1110] -2 x Const E x Const
F  1111] -1xConst F x Const

16 mnagwmx
HACTHYHBIX
npouaseaeHui
PaspRAHOCTEI0
12 6ur

Puc.1.38. [IporpaMMHBIIf YMHOKUTENH HA KOHCTAHTY
pa3MepHOCThIO 8X8 ¢ HCTIOMB30BaHUEM ABYX 4-X BX0a0BbIX LUT

[TJINC cepun XC4000



1.7. Pa3paboTKa npoeKTa YMHOKUTEJSI PAa3MePHOCTHIO
4x4 B 6a3uce IIJIUC Ttuna IIIIBM cepuu Cyclone ¢pupmsbl
Altera ¢ nomoub1o yueoHoro jadoparopuoro crenaa LESO2.1

B pasnene 1.3 paccMOTpeHO IPOEKTUPOBAHNE YMHOXKUTEIIS
LEJIBIX TOJO0XKUTENbHBIX YHUCEN MPEICTABICHHBIX B MPSAMOM KOJE
pasMepHOCThIO 4X4 MeTomoM npaBoro ciapura u cioxenus (MAC-
6J10K), a B pazgene 1.4 npoeKTUpOBaHUE YMHOKUTEIS LENIbIX YHCEI
CO 3HAKOM, IPEJCTaBJICHHBIX B JIONMOJHUTEIBHOM Kojae. B oOoux
cllyyasiX YINpaBIIAIOLIME aBTOMAThl SBISUINCH OPUTMHANBHBIMU U
ObLTH pa3pabOTaHHBI C UCTIOJIb30BaHUEM s3bika VHDL.

PaccmoTpuM npoexkTupoBaHue UQpPOBOro aBTomMara dosee
IOPOCTBIM  CIIOCOOOM - METOJ0OM YMHOXXEHHUS B  CTOJIOHWK.
VYrpaBisiomuil aBTOMaT YMHOXXUTEN pa3paboTaeM ¢ IMOMOIIbIO
penaktopa cocrosuuii CAITP Quartus Il (State Machine Viewer).
Hanee peanusyeM YMHOXHTENb pa3sMepHOCThI0 4X4 B 0Oasuce
[UIUC Tuma IIIIBM cepun Cyclone EP1C3T144C8N  ¢dupmbl
Altera ¢ momouipto ydeOHoro nadoparopHoro crenna LESO2.1
(JlaGopaTopuu »1eKTpOHHBIX cpeAcTB oOydeHus, JIDCO T'OY
BIIO «CubI'YTHU») oTeuecTBeHHON pa3pabOTKU. YueOHBbIH
7a00paTOpHBIM CTEHJ MpeAHa3HaYeH s OOydeHHs OCHOBaM
NPOEKTHPOBaHUS UPpoBOoi TexHUKHU Ha ocHOBe [TJIMC.

Tak xax Quartus Il Web Edition version 13.0.1 cbopka 232
He noanepxxusaer [IJIMC cepun Cyclone To HeoOXxoaumo nepeiTn
Ha Oosee panHioto Bepcuto Quartus Il Web Edition version 9.1.

Ha puc.1.39 u puc.1.40 nokasaHbl BEpXHMH U HWKHUN
YPOBHHU Uepapxuu IIPOEKTa YMHOKHUTEIS
(P=B(MHOxuMOE)* A(MHOXKXHUTEIL)) pa3MepHOCThIO 4X4. CurHan A
(MHOXHUTENB) ClIeAyeT paccMaTpuBaTh Kak YMCIIO a curHain B kak
KOHCTaHTY (MHOXXHMMOE€). YMHOXHTEIb HACTPOEH Ha YMHOXEHHE
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nByx yucen 10x10. YMHOXHUTENb COCTOUT U3 ABYX OJHOTUITHBIX
peructpoB ShiftN ciBuraromux BiI€BO WM BIOPABO B 3aBUCUMOCTH
ot curHasia DIR 3anmaromero nampamieHue caura (mpumep 1),
nerexktopa Hyas AllZero, ynpasnsomiero aBromara avt Ha MATh
cocTossHMM  (mmpumep 2), 8- pa3psgHOro cymMmaropa  Ha
merapyaknun  Ipm_add_sub, mmHHOrO MynBTHIUIEKCOpPA Ha
merapyHknuud  Ipm_mux u 8- paspsgHOro perucrpa Ha
merapyakuun I|pm_dff, BeimomHsroniero poab aKKymylsTopa.
Onun u3 peructpoB ShiftN (DIR=0) Ha BX01 KOTOPOro mojmaercs
yuciao A paboTaer kak mpeoOpa3oBaTellb NMapalieIbHOTO KOAa B
nocle0BaTeNbHbIN, MapamienbHbiii Boixoq SRA[7..0] HyxeH
JIMIG JIJISL IETCKTUPOBAHUS HYJIS.

Puc.1.41 nemoHCTpHpyeT MPUHIUI PabOTHI YIPABISIONIETO
aBTOMaTa. ABTOMAT TNPUHUMAET NATh COCTOSHHA C WMCEHAMHU
Check_FS, Init_FS, Adder_FS, shift_ FS, End_mult. B kaxxaom u3
COCTOSIHAM aKTUBHBIM SIBJISieTCS onuH u3 curHanos Init, Add, Shift
u Done. ABrtomar pa3paboTaH mo “KJIacCHUecKoi” cxeme, ¢
HCIIONIb30BaHUEM OJHOTO ormepatopa Process (oxHompoIecCHbIi
1a0JIOH) JJIs1 ONTUCAHUS TTAMSITH COCTOSIHUM ¥ JIOTHKH TTEPEXO0JI0B.

multiplier_demo

| —— clk

| —— res

| — start
A[2.0]
B[3..0]

result[7..0] B0 Froductl 0]

Puc.1.39. YMHOXHTEND pazmepHOCThIO 4X4. BepxHUil ypOoBEHBb
uepapxuu
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SRE[T.]

res
cle SRATT.0] e Done
= CLK Q.0 * ok ’ e
. m x
- b SRATO] e - ck
: - | e
1t
DIR -
Dj3.0] instl
AllZero
B SRAT.O] stop
et b g F
inst
lpm_add_sub0
ok SRE[T.0] a muxB
= CK Q.0 - sl 0
= atalx]7.
3 CLR <ult7..0] —T 7.0 -
1 resul7. 0] TS resy resut7. 0
- b % datalx]7..0 n
inst?
& sl N
DR
(B 0.0l inste
H
inst4

Puc.1.40. YMHO)uTEND pazMepHOCTEIO 4X4. HikHNI ypOBEHD HEpapXuu



ABTOMAaT WHHIMAIM3UPYETCS BBICOKAM YPOBHEM CHUTHAlA
Start cuHxpoHH3HpyemMoro cunxpocurHaiom ClK mepeBomsimM
BbIx0 INit B akTuBHOE cocTosinue. [Ipu BHICOKOM YpOBHE CHUTHANA
Init mpoucxomut 3arpy3ka OOOMX  CIABHIOBBIX PETHCTPOB
napajuie’IbHbIM KozoM. Ecnu Ha Bxon LSB Bce Bpemsi Oyaer
noctynarh Jorudeckas | (mmagmumii  paspsg SRA[0]  8-mu
paspsaHoro curHana SRA[7..0]) ¢ BbIXoJla CABUTOBOTO PETUCTpa
ShiftN  mpu DIR=0 To ympaBusiomMii aBTOMAT OyaeT
BbIpabaThiBaTh CUTHANBI “criokuth” (Add) u “casunyts” (Shift).
DTO BO3MOXHO, Hampumep, npu 3arpyske uuciaa 15D (1111BIN).
Ha puc.1.42 nokazan npumep ymHoxxeHus yucen 10x10. PezynpraTt
100. ITo oxoHuYaHWM TMpOIIECCA YMHOXXEHHUS BbIpaOATHIBACTCS
cUrHay rotoBHoctu Done.

fr 0ne [ 20 T600ns More 200rs 00m 20 B00n [ e

1 71 71 71 71 71 71 7 1 71 T 1 T 1

(o]
[wi]
2] il
(@3] sat Bn | T 1
- Siop E
[@5] w0 1 1 1
@8] e BT 1
o7 w B | 1
28] s= Eo T I 1
Puc.1.41. Tect nudpoBoro aBToMmaTa
Dps 80.0ns 160.0ns 2400ns 320.0ns 4000ns 4800ns ]
Name
0 res M
w1 cl
2 start
o3 Product 00000000 mooioTo 01100100

Puc.1.42. TectupoBaHne yMHOKHTEIS HA IPUMEPE YMHOKECHHS
10x10. Pe3ymbrar 100
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LIBRARY ieee;
USE ieee.std_logic_1164.all;
entity ShiftN is
port(CLK, CLR, LD, SH, DIR: in STD_LOGIC;
D: in std_logic_vector(3 downto 0);
Q: out std_logic_vector(7 downto 0));
end ShiftN;
architecture a of ShiftN is
begin
process (CLR, CLK)
variable St: std_logic_vector(7 downto 0);
subtype InB is natural range 3 downto 0;
begin
if CLR ='1"then
St := (others =>'0"); Q <= St;
elsif CLK'EVENT and CLK="1" then
if LD ="1"then
St:=(others=>'0");
St(InB) :=D;
Q <=8t
elsif SH ="1"then
case DIR is
when '0' => St :='0" & St(St'LEFT downto 1);
when '1' => St := St(St'LEFT-1 downto 0) & '0;

end case;
Q <=8t
end if;
end if;
end process;

end a;
ITpumep 1. CaBurossiii peructp Ha si3bike VHDL
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LIBRARY ieee;
USE ieee.std_logic_1164.all;
ENTITY avt IS
PORT (
res: IN STD_LOGIC;
clk: IN STD_LOGIC;
Start : IN STD_LOGIC;
LSB: IN STD_LOGIC;
Stop : IN STD_LOGIC;
Done : OUT STD_LOGIC;
Init : OUT STD_LOGIC;
Add : OUT STD_LOGIC;
Shift : OUT STD_LOGIC);
END avt;
ARCHITECTURE BEHAVIOR OF avt IS
TYPE type_fstate IS (Check_FS,Init_FS,Adder_FS,shift FS,End_mult);
SIGNAL fstate : type_fstate;
SIGNAL reg_fstate : type fstate;
BEGIN
Init <='1" when reg_fstate = Init_FS else '0";
Add <="1"when reg_fstate = Adder_FS else '0";
Shift <="1" when reg_fstate = shift_FS else '0';
Done <="1' when reg_fstate = End_mult else '0’;
process (clk, res) begin
if res = '1' then reg_fstate <= End_mult;
elsif clk'event and clk = '1' then
case reg_fstate is
when Init_FS => reg_fstate <= Check FS;
when Check FS =>
if LSB ='1' then reg_fstate <= Adder_FS;
elsif Stop ='0" then reg_fstate <= shift_FS;
else reg_fstate <= End_mult;
end if;
when Adder_FS => reg_fstate <= shift_FS;
when shift_FS =>reg_fstate <= Check_FS;
when End_mult => if Start = '1' then reg_fstate <= Init_FS; end if;
end case;
end if;
end process;
END BEHAVIOR;
[Tpumep 2. Konx sizpika VHDL ynpasnstomero aBromara
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Pazpabotaem 1mdpoBol aBTOMAT C HCHOJb30BAaHUEM
BCTPOGHHOTO  pEJaKTopa COCTOSIHMM  KOHEYHOro  aBTOMaTa
(puc.1.43) u wm3Biaeyem kojn s3eika VHDL B aBTOMarmueckom
pexume. Mcnosb3yercss JIBYXNIpOLECCHBINM  1m1abmoH.  IlepBsrid
oneparop Process onuceiBaeT 0J0K perucTpoB (MaMsATh COCTOSTHHI)
JUIS XpaHEHHsS COCTOSHHMM aBTomMaTa. Bropoi omepatop Process
UCIIONIB3YEeTCS Ui ONMCAHUS JIOTMKU TEpPEXOJO0B U JIOTUKH
dbopmupoBanusa Bbixoga (mpumep 3). TectupoBaHue yMHOXKHUTEINS
Ha TpUMEpe YMHOXKEHUs 5X5 mokazaHo Ha pwuc.l.44. OOmme
CBEICHMSI TIO0 YHUCIY 3aJeHCTBOBAHHBIX PECYPCOB B IPOCKTE
noka3ansl B Ta01.1.4.

- ~iStopRLSE:

6)
Puc.1.43. TI'pad-aBTOMaT, pazpabOTaHHBIN C TTOMOIIBIO PEIAKTOPA
COCTOSIHHMI (2) W cHHTe3upoBaHHbINA rpad-aBromar (Mento Netlist
Viewers/State Machine Viewer)
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LIBRARY ieee;
USE ieee.std_logic_1164.all;
ENTITY avt_flow IS
PORT (
reset : IN STD_LOGIC :="0}
clock : INSTD_LOGIC;
Start: INSTD_LOGIC :='0}
LSB:IN STD_LOGIC :="0}
Stop : INSTD_LOGIC :='0;
Done : OUT STD_LOGIC;
Init : OUT STD_LOGIC;
Add : OUT STD_LOGIC;
Shift : OUT STD_LOGIC
);
END avt_flow;
ARCHITECTURE BEHAVIOR OF avt_flow IS
TYPE type_fstate IS (Check_FS,Init_FS,Adder_FS,shift FS,End_mult);
SIGNAL fstate : type_fstate;
SIGNAL reg_fstate : type fstate;
BEGIN
PROCESS (clock,reg_fstate)
BEGIN
IF (clock="1" AND clock'event) THEN
fstate <= reg_fstate;
END IF;
END PROCESS;
PROCESS (fstate,reset,Start,LSB,Stop)
BEGIN
IF (reset="1) THEN
reg_fstate <= End_mult;
Done <="0"
Init <="0;
Add <='0"
Shift <='0";
ELSE
Done <="0"
Init <="0;
Add <=0
Shift <=0’ 69



CASE fstate IS
WHEN Check FS =>
IF ((NOT((LSB ='1")) AND (Stop ='1%)) THEN
reg_fstate <= End_mult;
ELSIF ((LSB ='1")) THEN
reg_fstate <= Adder_FS;
ELSIF ((NOT((Stop ='1")) AND NOT((LSB ='1"))) THEN
reg_fstate <= shift_FS;
-- Inserting 'else’ block to prevent latch inference
ELSE
reg_fstate <= Check_FS;
END IF;
WHEN Init_FS =>
reg_fstate <= Check_FS;
Init <="1"
WHEN Adder_FS =>
reg_fstate <= shift_FS;
Add <="1}
WHEN shift_FS =>
reg_fstate <= Check_FS;
Shift <="1"
WHEN End_mult =>
IF ((Start ='1")) THEN
reg_fstate <= Init_FS;
ELSIF (NOT((Start ='1"))) THEN
reg_fstate <= End_mult;
-- Inserting 'else' block to prevent latch inference
ELSE
reg_fstate <= End_mult;
END IF;
Done <="1"
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WHEN OTHERS =>

Done <="X"
Init <="'X"
Add <="X";
Shift <="X";
report "Reach undefined state™;
END CASE;
END IF;
END PROCESS;

END BEHAVIOR,;

[Tpumep.3. VHDL-xox u3BiIeUeHHBIE B aBTOMAaTHYECKOM PEKHUME
u3 rpad-aBTOMaTa CO3JAHHOTO C MOMOIIBI0 PEIAKTOPA COCTOSIHUN
B CAIIP Quartus Il

W t:ﬂ Alns B 180 T0rs s #ls 20ns Mlrs Hlrs 0rs s

Hene v
-] [} _‘
0 1 e e e
@ |

[H Fodt B0 [ ) [ ) Qo0Tingt

E[EE]S

Puc.1.44. TectupoBaHre yMHOXUTENS Ha IPUMEPE YMHOKEHHUS
5X5. Pesynbrar 25

Tabmuma 1.4
OOmme cBeeHus Mo YnCy 3ajeiicTBoBaHHbIX pecypcoB ITJIMC
Cyclone EP1C3T144C8N
Ob6mee Tpurrepos Tabmuiy Pabouas
YHCIIO JIOTUYECKUX | TMEPEKOAUPOBOK 4acToTa B
JIOTUYECKUX JJIEMEHTOB LUT-only LC HauXyJIiemM
3JIEMEHTOB LC Registers cllyyae
(Logic Cells, Fmax, MI't
LC)
47 41 6 275

CreHn mNOAKIIOYAETCS K IEPCOHAIBHOMY KOMIIBIOTEPY
yepe3 nopt USB. Jlns 3amucu ¢aitia koHQUTrypauu B MaMsiTh
[IJINC 4yepe3 nmopt USB mepcoHansHOr0 KOMIIbIOTEpA TpedyeTcs
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npeoOpa3zoBarhk *.sof- ¢aitn B dopmar c¢ pacmmpenuem *.rbf.
3arpy3ka koH¢purypanmonHoro ¢aina B [IJIMC npousBomutes ¢
MOMOIIIBIO OTZIETILHOM TIporpaMmsl — 3arpy3unka (12flash.exe).

BxonHble U BBIXOJIHBIE KOHTAKThl K BHEUIHUM BBIBOJIaM
[UVINMC mnonkirodeHsl ¢ TOMOINBIO MeHK  Assignments/Pins
(puc.1.45). U3-3a Toro 4to creHa umeeT § nepekmtovarencii S1-S8
MPUILIOCH OTKA3aThCS OT 3arpy3KH YMCEN C BHEUIHUX MOPTOB (4-x
paspsiaubie curHanbl A 1 B) u ot curnana Done tak Kak JOCTYITHO
BCEro JIMIIb 8 CBETOIMOI0B. Y MHOKAaeMbI€ YHCIIa MTPEIBAPUTEIILHO
COXpaHstoTCsl B KoHCTaHTax (Meradykmus LPM_constant). [lanee
HeoOxoaumo cienoBath puc.1.44 u 1.45. Cerommomer LEDI1-
LED8 oroOpaxaroT pe3ynbTaT yMHOXEHHS (8-MU pa3psaHbli
curnan Product[7..0]). B mpoekre mpunsro, uro LED8 (pin 121)
3TO MJIAJIINN 3HAYAIIUN pa3psi.

Jlis mojaud TaKTOBBIX HMMITYJIBCOB C TOMOIIBIO KHOMKHU
Bottom neobxoaumo ucnosib3oBath GuiasTp (010K Antitinkling).
Jannplif  ONOK mpeAHa3HaueH Ui TOJaBieHUs  Jpebesra
KOHTakToB.  M3-3a  3TOro  sBIEHUS  HEMOCPEACTBEHHOE
MOJIKJIFOUEHUE KHOMKA C MEXaHUYECKUM 3aMbIKaHHEM KOHTaKTOB K
muppoBoii cxeme He Beerma gomyctumo. Cyth  apeGesra
3aKJTFOYAeTCs B MHOTOKPAaTHOM HEKOHTPOJIHUPYEMOM 3aMBIKaHUU U
pa3MbIKaHUM KOHTAKTOB B MOMEHT KOMMYTAllUM, B pE3yJIbTaTe
4ero Ha HU(POBYIO CXeMy IMOAAETCS MHOXECTBO HMITYJIbCOB
BMECTO OJ[HOTO.

YacToTa TaKTOBOro reHeparopa B yueOHbIX creHaax LESO2
paBHa 6 MI'nm, B crengax LESO2.1 m LESO2.3 — 50 MIm.
Jenurenp 9acTOThl JOJDKEH OOECIEeYUTh WHTEPBAT MEXKIY
UMIyJIbCaMH OOJIbIIE, YEM JUITUTENBLHOCTh Jpede3ra U MEHee 4eM
JUIMTETTbHOCTh HaxaTtus KHomku. Ha puc.1.46 mokazaHa cxema
nojaBuTens Apede3ra C  HCIOJIb30BAHUEM CYMMUPYIOILIETO
CUeTUYHMKa-JAeTUTeNs 4acToThl. B HameMm cimydae 19-Tu paspsiaHblit
cueT4yrK obecrieunBaeT KodPPHUIMEHT cuera 524287 M BBIXOTHON
curHan cout ¢ nmonmxkenHou yacroroit 95,37 I'n (100 ' — nepuon
10 mc). Bpemst npebe3ra KHOIIKH MPUMEPHO COCTABIISET 2 MC.
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ViaTe MyT K Gadiny ¢ KondHrypaEH TIAC Lo 3
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MparpammiposaTe S <
inst .

Puc.1.45. Cxema yMHOXHUTENS C TOAKITIOYCHHBIMU BHEIITHUMU
BBIBOJIAMU

Eiith SRS B Eifton, gt
clk i I k - .
Foe choe g15..0] =
cout
inst
a)
\ Value 10486 ms
ame %9
B0 Button B:
[ A ck B
o2 Button_out | B
o3 cout B
(4] q | [p4280 524281 524282 524283 524284 524289 524286 524287 0

6)
Puc.1.46. [lonaButens apedesra ¢ UCIOIb30BaHUEM
CYMMHPYIOIIETO CUeTYUKA-JIETUTENS YaCTOTHI (a) U BpeMEHHBIE
JarpaMMsl ero paboTsl (0)

Ha puc.1.47 u 1.48 noka3aHo TeCTHPOBAHHE YMHOKUTEIS
Ha MpuMepe yMHOXEHHs S5X5. TecTMpoBaHHE OCYIIECTBISAETCS
CIENYIOLIUM oOpa3zom. Cornacno puc.1.44 LIETKAEM
nepexiogarenemM S2 (Pin 50) BBITONHSIIOMNM POJIb ACHHXPOHHOTO
curHana res. IlepeBoguMm B BepxHee IOJIOKEHUE INEPEKIIOYATEID
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S3 (pin 51) — curnan Start, nanee HakumaeM Ha KHOTIKY Button (pin
37) onmuH pa3, NPOUCXOAUT 3arpy3ka 4YHCeNl B YMHOXKHUTENb.
[lepeBogum mepexntouarens S3 B HukHee mojoxkeHue. [lenkaem
tpu (puc.1.47) m mnate pa3 (puc.1.48) kHomkoit Button mis
UMUTAIMM  T0Ja4d CHHXPOCHUTHAJA. UtoroBelii  pesynbraT
YMHOXEHHSI JIECATUYHOE 4YHUCIO 25 a TNpouecc YMHOKEHUs
OCYILIECTBJISIETCS 32 9 TAKTOB CUHXPOYACTOTHI.

Zanporpammuposats ITJIMC Bo3moxHO ¢ momoinpio Altera
USB Blaster 6e3 npenBaputensHoro npeodpaszoBanus *.sof- ¢aiina
B (opmar *.rbf (puc.1.49). [IporpamMmmupoBaHue OCYIIECTBISETCS
nenocpeacteenHo B CAIIP Quartus Il (mento Tools/Programmer).
B »TOoM cnyuae mnwuranue nabopatopHoro crteHaa LESO 2.1
ocymectBisiercs 4epe3 USB-kaGenr a mporpammupoBaHue
ocymectsisercs yepe3 JTAG-unrepdeiic.

VYueOusbiii mabopatopusiii crenn LESO2.1 oreuecTBeHHOU
pa3paboTKU CONEPKUT XOpOoWui (YHKIHOHATBHBIA Habop Ams
3aHATUN 10 NU(GPOBON CXEMOTEXHHUKE U MOXKET OBITh MCIIOJIb30BaH
JUIST U3y4eHHs] OCHOB TPOCKTUPOBAHUS KOMOMHAIIMOHHBIX U
MOCIIE0BATEIbHOCTHBIX YCTPOMCTB.
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ﬁ Quartus II - C//Quartus-Proekt 9 0/Multiplier_demo_07_03/multiplier_demo - multiplier_demo - [multiplier_demo.cdf*]
File Edit Window

Processing  Tools

[ Enable realtime |5P to allow background programming [for M& 1| devices)

. Hardware Setup...l |USB-BIaster [U58-2] Mode: I_ 'l Progress:

Wb Start | File Device Checksum Usercode E;QFELT; Werify E:,?::k Examing
il Stop |
g"ﬂ Auta Detect |
¥ Delete |
& Add File... |
= Change File... |
Bl SaveFile... |
G Add Device.. |
A up |
.ﬂﬂ Do |

For Help, press F1

Secynty Erase Eﬂiﬁp

[ [ [ 4

Puc.1.49. Okno yrunutse! nporpammupoBanus [TJIMC



2. MNIPOEKTUPOBAHUE HUDPPOBBIX PUJIBTPOB
B BA3BHUCE IIJINC

2.1. IlpoexTupoBanne KUX-pujabTpoB ¢ HCNOIb30BaHHEM
CHCTEMBbI BU3YAJIbHO-UMHTAIIMOHHOTO MOJIEJTHPOBAHUS
Matlab/Simulink

PaccmoTpum oco6ennocTu npoektupobanust KMX-dunsTpa
B cucreme Matlab/Simulink (maker Signal Processing, cpena
FDATool) u ¢ mpumenenunem merapynkimun Mega Core FIR
Compiler CAITP IIJTUC Quartus I Altera.

['maBHbIM jgocTouHCTBOM cpeabl FDATool ot  apyrux
nporpamMm pacuera KUX-GuibTpoB SBISETCS BO3MOXKHOCTB
rerepanuu koja s3pika VHDL ¢ momorpro npunoxenns Simulink
HDL Coder. CreHepupOoBaHHBIi B aBTOMATHYECKOM PEXHUME KOJI
s3pika VHDL MoOXeT ObITh HMCMOJB30BaH B CHUCTEME IHGPOBOTO
moaenuposanus ModelSim (Mentor Graphics HDL simulator).

Ha puc.2.1 MOKa3aHa aMIUIUTYTHO-4YaCTOTHAs
xapakrepuctka (AUYX) KUX-punsrpa. Cepole obnactu Ha puc.2.1
JEMOHCTPHUPYIOT JOMYCKH, MPEBBIIIATh TPaHHUIBI KOTOpPhIX AUX
¢unpTpa He nmomwkHa. Mcxonmuele maHHble g pacdera KUX-
¢mibTpa: yacToTa B3sATHA OT4ETOB Fg; BBIOOp mMoOpsiika GuIbTpa

N, rpaHula MONOCHl MPOIMYCKaHHs fp; TpaHMUA TMOJIOCHI
3agepxuBanus (momaenenus) f,; HepaBHOMepHOCTh AUX B
nonoce  (mosnocax) mpomyckanus 51 (R,); MuHMManbHOE
3aTyxaHue B moJsioce 3anepxuBanust 52 (Rg).

Ha mpaktuke, Kak MpaBWio, BMeCTO 0,0, 3ahal0T

norapuMuUecKre BeTUIUHbI Rp , Ry, 3ananHbIe B nenubenax:

1+0
A =201 1
A, =201gs,
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10

1-8,

Puc.2.1. AMIITUTYTHO-9aCTOTHAS XapaKTEPUCTUKA (DHUITBTPA
HUOKHHUX 9aCTOT

Jlns  mocTpoeHus — CHElUaM3UpPOBAHHOTO  YCTPOMCTBA,
peau3yIoero aliroput™M 1udpoBolt QuIbTpalKK, MOTYT OBITH
HCIIOJIb30BaHbl PEruCTPhbl, YMHOXKUTEIH, CyMMaTropbl U T.J. — U
COOTBETCTBYIOILIEE YIPABIAIONIEE YCTPOHCTBO [UIsl YIpaBICHUS
nocJe0BaTenbHOCThIO onepanuil. [locne pacuera koapduneHToB
U BbIOOpa CTPYKTYpbl (UIBTpa pEIIAIOTCS BOMPOCHI BbIOOpA
KOAUPOBAaHUS uucend (MpAMOM MM  JONOJHUTENbHBIA KOX),
Croco00B uX npezacTaBieHus (¢ GUKCUPOBAHHOM WM TIABAIOLIEH
3arsToN) ¥ BBIOOpA 3JIEMEHTHOM 0a3bl.

Ucxonnbie nannsle i pacuera KUX-dunpTpa HUKHUX
gacToT mokaszaHel B Tabm.2.1. Ilpumep pacuera KUX-pwmibTpa B
cpene FDATool moka3zan wna puc.2.2. Cpema FDATool
npencTaBisieT rpapudeckuii uHTepdenc s pacyeta GUIBTPOB U
npocMoTpa ux xapakrepuctuk. Ha Bmagke Design Filter 3amagum
TUn cuHTesupyeMoit AUX - punbTp HIXKHUX 4acTOT, THN GUIbTpa
— HepekypcuBHbIi (FIR), MeTox cunTe3a — MeTosl OKOH (CHHTE3 ¢
HCIIOJIb30BaHNUEM BECOBBIX (DYHKIIMIA).
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Tabmuma 2.1
Wcxonnpie nanabie 11 pacuera KM X-GunbTpa HIDKHHX 4acTOT

ITapameTpsl huibTpa 3HayeHue
DuUIbTP HIKHUX YaCTOT Low Pass
Yacrora B3sTHsA 0TCueToB F, I'ix 48000
Hepasnomepnocts AUX B mosioce 1
nponyckanus R, /16

MuHHUMalTbHOE 3aTyXaHHUE B TI0JIOCE 80
3anepxkuBanusa R, /106

ITepexoanas mosoca, I'i 2400
Yacrora cpesa, F,, ' 9600
Tum okHa Blackman

Cpena FDATool nognep:kuBaeT 60ble METOAOB CHHTE3A,
yem Meradynkuus Mega Core FIR. IIpeumymiectBo meradyHKIuu
B TOM, 4TO THOpsaok mnpoekrupyemoro KUX-dumprpa (umcio
OTBO/IOB) OILIGHMBAeTCSd aBTOMAaTH4YeckH, HO cuHTe3 AUX
OCYIIECTBISETHCS METOI0M OKOH.

OTOT  HEJNOCTaTOK  KOMIEHCHUPYETCS  BO3MOXKHOCTBIO
3arpy3Ku K03 PHUIIHEHTOB MIPOEKTUPYEMOTO ¢bunbTpa,
HIOJTy9YEHHBIX, HAIPUMeEp ¢ ucrnonb3oBanueM cpeasl FDATool. Tpu
npoektupoBanun KUX-dunsrpa B cpene FDATO0| ucnons3yrores
crenytome  Mmeronsl:  Equiriple  —  cubTe3  QuiabTpoB €
paBHOMepHBIMU TynbcamusiMu AUYX wmeromom Pemesa; Least-
Squares — MUHUMU3AIMS CPEAHEKBAIPATUYHOTO OTKJIOHEeHUsT AUX
or 3amanHoi u Mmetox okoH (Window). B pasmene Filter Order
3agaauM  nopspok  KUX-punetpa.  Ilopsmoxk  KUX-¢punbrpa
3aJa/IuM TOT, KOTOPBII peKOMEHyeT BbIOpaTh MeragyHkius Mega
Core FIR. Meragynkuus Takxke IpeiaraeT U METOJ CHHTe3a
(oxHo Blackman - Biexmena). Pacuer ¢unbrpa ocymiectBusiercs
HaxatueM kHonku Design Filter. Ha pwuc.2.2 mokazana AUX,
BBIUUCIIEHHAs C UCIOJb30BaHMEM (hopMaTa ¢ IaBaromieil (ITpux
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NyHKTUpHas JuHUSA) W ¢dopmara ¢ (PUKCUPOBAHHOW 3arsITOM
(HeTpephIBHAS JTUHUA).

f “ Filter Design & Analysis Tool - [untitled.fda *] &@li_hj
File Edit Analy}is Targets View Vl/ir)dpw Help - . ) -
DEHER 2R PX DRNAMNM#4+0D BiHORE N

— Magnitude Response (dB)

— Current Fitter Information.

Lowpass FIR Window: Quantized
L T AR Lowpass FIR Window: Reference

Structure: Direct-Form FIR
Order: 93

Stable: Yes

Source: Designed (quantized)

Magnitude (dB)

s
Store Fitter ... 0 5 10 15 20

Frequency (kHz)
Fitter Manager ... 24
1 Type — Filter Order. — Frequency ifications—__ __ Magnitude Specifications.

& |Lowpass % & Specify order: 93 Units: |Hz -
 |Highpass -

e ¢ Minimum order Fs: FBUUD The attenuation at cutoff
(" Bandpass
" Bandstop _ Options Fe: 500 frequencies is fixed at 6 dB

" |pitferentiator - V' Scale Passhand (half the passhand gain)
| Design Method Window: Blackman ~

IR |Butterworth hd
e
@ FIR |window Z View |

Design Filter

[Computing Response ... done

Puc.2.2. Unrepdeiic cpeast FDATOOI. ITpumep pacuera AUX
KUX-¢punbptpa

Ha puc.2.3 mnokazana cunresupyemass AUX (3amaercs
KOMILIEKCHBIH koddduument nepenaun [H(f)

, ONPEJEICHHBIA B
AuanasoHe 4actor ot Hyns m0 F,/2). Yacrora cpesa 3amaercs
pasuoit F, =9600T. B meradynkuuu Mega Core FIR Compiler

3ajaercs nmepexoaHas mosoca (Transition Bandwith) pasmas 2400
' m wacrota cpesa paBHas 9600 I'ti (o6o3HavaeTcs kak cutoff freq

1))
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B metone oxon |H(f)| obOpatHoe mpeoOpazoBanne Dypbe

ITOH XapakTepUCTUKH JaeT OeCKOHEYHyl0 B 00e CTOpOHBI
IIOCJIEI0BATEIbHOCTh OTCUYETOB UMITYJIbCHOM XapaKTepUCTUKU. Jliis
[IOIyYEHHUS KUX-dpunsrpa 3aJaHHOIO MOpsJKa, aTa
MOCJIEIOBATEIBHOCT YCEKAeTCs IIyTeM BBIOOpA IIEHTPAIBLHOTO
¢parmenTa HyXHOW JanuHBL s ociabiieHHs Mapa3sUTHBIX
3pPEeKTOB B OSTOM METOAE CHHTE3a, YyCEUYEHHas HMITyJIbCHAs
XapaKTePUCTHKAa YMHOXKAeTCs Ha BeCOBYIO (yHKIUIO (OKHO),
IUTABHO CIAIAONIYIO K KPasiM.

HH

0 e Fsi2 f(Hz)

c

Puc.2.3. Xapakrepuctuku cuatesupyemoit AUX (oxxo Blackman)
KUX-dunbrpa B cpene FDATOOI

Brimanka Realize Model mno3Bonsier uMIOpTUpOBaTH
cnpoektupoBanubiii KUX-bunstp (Momens) B Simulink (puc.2.2).
Ha puc.2.4, a mokazana mozaenb KUX-punstpa (umst mogenu Filter
simulink) mocTpoeHHass Kak ¢ HCIOJB30BaHHEM 0a30BBIX
JIIEMEHTOB  (3aJlepXKa, CyMMa, KOX(PQPUIMEHT  YCHIICHHS)
UGPOBBIX (UIBTPOB, TaK M C HCIOJIB30BAaHUEM S-(QyHKIMH
(momenp  KUX-¢punbrpa mocTpoeHHass C  HCHOJIb30BAHUEM
merapynkuun Mega Core FIR Compiler). Ha puc.2.4, 6 noka3an
curHan no gunetpanuu, a Ha puc.2.4, ¢ u 2 nocne. Mento Targets
onuusi Generate HDL mo3BomnsitoT creHepupoBath Kol pUIbTpa Ha
s3pike VHDL (puc.2.5). BreiOepem napajuieNbHYIO0 apXHTEKTYpy
KUX-dunpTpa, 0b61anaroiiei BBICOKOH MPOU3BOAUTEIBHOCTHIO.
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[oami] N

[[0:2000]" sin{2.*pi{0-0.001:2] "(1+[0:0.0012)75)).] I ;I Comvet bt Output
From f e Cameriog Fiter_simulink S EI
Warkspace1
Scope
xn yout| K-
3 Alera PR Fier Gan

! ”I”“ || I ""r' bl B L e
Mﬂm “” h"l”l‘li‘ :ll |l|||||ll|||u |l‘||1| L. ul_nmll L aase i pu sl

-V "l|]|"|¥|Ui'|'||!||;[1ll\!'.!!ﬂ'lﬂ"'lﬁmmjm-w.” ;

800 1000 1200 1400 1600 1800 2000

Puc.2.4. Mopnens KUX-¢punerpa B cucreme Matlab/Simulink (a) u
curnai a0 (0) u nocie ¢punbrpannun KUX-pumbtpom HIKHAX
4acToT, ¢ ucnosib3oBanueM cpeasl FDATool (B) u ¢
ucnonb3oBanuem Meradynkipu Core FIR Compiler CATIP TIJIMC

Quartus
Generate HDL (Direct-Form FIR, order = 99) | )
—HDL fiter
Fiterterget langusge: [yl -]
Narne: fiker
Target directory: bdsre  Browse..

Architecture: Fully parallel b
Coefficient muttipliers:  [Mutiplier -

I Add pipeline registers

FIR adder style: [oear <]
Reset type: [synchronous <] I Optimize for HOL
Reset asserted level:  [Active-high -
i Single > HOL Options ..

— Test bench typ
Name:  fiter_th

[V VHDL file

[7 Impulse response

I~ Veriog file

I~ ModelSim .do file

Test Bench Options ...

Puc.2.5. Oxno Simulink HDL Coder
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2.2. IllpoekTHpoBaHKe NApPaIeIbHBIX
KHUX-¢puabTpos B 6asuce INJIUC

[lepeMHOXHUTENIN CHUTHAJIOB HWIPAKOT KIKOYEBYIO pOJib B
MIPOEKTUPOBAHUH BBICOKOIIPOU3BOAUTEIBHBIX U (POBBIX
¢uneTpoB. Ilokaxkem pa3nuuHble BapuaHThl peanu3annn KNX-
(GUIBTPOB C UCIOJIL30BAHUEM MEPEMHOKUTENIEH Ha MeradyHKIIHIX
ALTMULT_ACCUM, ALTMULT_ADD u ALTMEMMULT
CAIIP Quartus Il xomnanum Altera B 6asuce ITJIMC, a 3atem
COCPEIOTOYMM BHUMAHHUE Ha peAU3alUUd YMHOXXEHHS METOJ0M
MIPABOrO CABHra C HAKOIUICHUEM, IPUMEHSEMOTO ISl Pa3pabOTKu
MacCIITa0UPYIOIIETO aKKyMYJIsTOpa.

Paccmotpum ypaBuenue KUX-dunbtpa (HEpeKypcHBHOIO
rdpoBoro GuILTpa ¢ KOHEYHO-UMITYJIBCHON XapaKTEPUCTUKOM)
KOTOpOE  TpeICTaBisieTcs  Kak  apuMmeTnueckas  cymMma

MIPOU3BEICHUN:

K-1

y=)C X, (2.1)
=0
rae Y- OTKIMK IIenu; X, — K-—asd BXoaHas NepeMeHHas;

=

C, —BecoBoit  koddduimeHT K —olf BXOIHOW TEPEMEHHOM,

KOTOPBII SBJISIETCSl TMOCTOSIHHBIM JIJIsl BceX N; K -9mcio oTBOJOB
bunbTpa.

B kauectBe mpocteiiero mnpumepa paccCMOTPUM TpH
BapuaHTa NpoeKkTupoBaHus mnapamwiensHoro KUX-punbrpa Ha 4
OTBOJA: y=CyX, + X, + C,X, + C X%, C  HCIONb30BAaHUEM
merapynkuuii  CAIIP TIJIMC Quartus 1l xommanum Altera
00BbEeIMHEHHBIX OOIIel uieeld HCIONb30BaHUS TEPEMHOXKHUTENEH
U(POBBIX CUTHAJIOB U “JIepeBa CyMMAaTOpOB .

[Ipennonoxum 4TO KOA(PHUIMEHTHI ¢wibTpa
LIEJIOYHCIIEHHBIE CO 3HAKOM, U3BECTHBI U paBHbl Cy, =2, C, =-1,

C,=7 nu C;=6. Ha Bxon KMX-dpunprpa mocrynatror BXOJHbIE
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otcuethl -5, 3, 1 u 0. [IpaBunbHBIC 3HAUCHHS HA BbIXOJE PrIbTpa:
10, -1, -40, -10, 26, 6 wm T.n., T.. commacHo dopmyie
y=CyX, + CX + C,X, +CX; .

IlepBbiii Bapuant. IlapamnensHas peanuzanus KHUX-
¢unbTpa Ha 4 O0TBOJA C UCHONB30BaHUEM 4 OJIOKOB YMHOXKEHHUS C
HakoruieHHneM. B mpoekre wucnonb3yercs 4 meradyHKIMH
ALTMULT_ACCUM (puc.2.6). Kaxnapni Os0k wucmoib3yer 1
MEPEeMHOXUTENb U 1 cymMmarop-akkymyssitop. s mapaiienbHol
peanmu3anuu pribTpa Ha 4 oTBoma TpebOyercs 4 OJoka W TpH
JOTIOTHUTENBHBIX OJHOTUIIHBIX MHOTOPAa3psAIHBIX CyMMAarTopa,
CBSI3aHHBIX 10 MPUHLHUITY “AepeBO cyMMaTopoB”. J[js TOro 4TroObl
bunbTp  paboTam  KOPPEKTHO  HEOOXOAMMO  OCYIIECTBIISITH
CUHXPOHHYIO 3arpy3Ky KaKJIOro MpPOU3BEIEHUS B KaxXIblil
CYMMAaTOP-aKKyMYJISITOP KaXJI0TO OJIOKa, AJISi 3TOTO HUCIOJIb3YEeTCs
JIONIOJIHATENbHBIN Bx0J MeradyHkimu accum_sload. Ha puc.2.6
TaK)Ke MOKa3aHa BHEIIHS JIMHUSA 3aJIEP>KKH Ha 4 0TBOAA U3 TpeX 4-
pa3psIHBIX PErHCTPOB TAKTHPYEMBbIX (DPOHTOM CHHXPOCHUTHAIIA.
Koaddunmentsl punpTpa mnpeactaBisioTcs B ABOMYHOM BHJIE C
Y4EeTOM 3HaKa YHClia U 3arpykaroTcsl C MOMOIIbI0 MeradyHKIUN
LPM_CONSTANT.

Bropoit Bapuanr. [lapamnensHas peanmmsanus KHUX-
¢unpTpa Ha 4 OTBOJA C HCIONIb30BaHHEM 4 TEPEMHOXKHUTENEH B
6moke Ha Meradynkiuu ALTMULT_ADD (dynkuus yMHOXEHUS
u cnoxenusi) B CAIIP IIJIMC Quartus Il mokazana Ha puc.2.7. B
MerapyHKLIUU ALTMULT_ACCUM UCIIOJIB3YETCSI  TpHU
BCTPOEHHBIX cymMMaTopa. [IpodunbsTpoBaHHbIC 3HAUCHUS TTOKA3aHbI
Ha puc.2.8. CpaBHUBas BpEMEHHBIC [UArpaMMbl, BHJUM, YTO
npoUIbTPOBaHHBIE 3HAYCHHs] HA BBIXOJE Yy JBYX (HIBTPOB
MOCTPOCHHBIX Ha Pa3HBIX MEeTaQyHKITUSIX COBMAIAOT.
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98

l:"’hl g
’ dataa 0[3.0] _

req tap
G . I
3.0 el 22 |gatab 013.0)
al2.0)
sed accum_sioad

resuts 0]

ADD_sUs
dataa[8 0]

Eh
= dataa 0[3.0]

reg tap

3.00

resutls. 0]

gatabl5. 0]

.0 datab 0[3.0]
xziz
accum_shad
— e
mac
LT
& dataa 03.0]
: J23-91 | datab 013.0]
xip2

accum_sioag

clocky
=

resulls 0]

ADD_sUB

mac
MULT
& datas 0[3.0]
—T
=t -
’ 220 |aatab 03.0]
so2d |accum sioad
—

resuts 0]

dataa[8. 0]
'\‘\\ resut(e. 0]

ADD_SUB
dataa[8_0

P RECH:

databls 0] |~
nstrt

Satablz. 0]
nstio

L i R

Puc.2.6. IapannensHas peanuzanus KNUX-¢punbrpa Ha 4 oTBosa ¢ ncnoab3oBaHueM 4 61okoB B CAITP
[TJINC Quartus Il (meradynkmus ALTMULT_ACCUM)



.8

ADDER

MULT!

dataag 0[3.0

datab_0[3.0]

MULTY| * ﬂ

dataa 1[2.0

datab_1[3.0]

+ |;| resuttf3.0 G e i UL TS5
MULTH cd

dataa 2[3.0

datab 2[3.0]

MULTS M :1;"

dataa _3[3..0

X33 01 datab_3[3.0]

clockl

nsts

Puc.2.7. [Tapannensuas peanmuzanus KUX-dunbrpa Ha 4 0TBOAA € UCTIONB30BaHUEM 4
nepemuoxkutenei B 0oke (meradyukius ALTMULT_ADD, nunus 3agep>kKku Takas xe,
KaK 1 Ha puc.2.6)
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Puc.2.8. BpemenHnsie quarpammbl paboThl MapaiiedbHbIX QHIBTPOB HA 4 0TBOJIA C UCTOJIH30BAHUEM
meradgynkuuu ALTMULT_ACCUM u ALTMULT_ADD

ALTVULT_ACCUM

oo WMULT
Mz o dataa 0[3.0]

e datab 0[2
st ¢

datab 1[2
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datab 2[2

Puc.2.9. Ilapannensnas peanuzauust KUX-punbrpa Ha 4 oTBoAa ¢ cnonb3oBaHueM 1 6yoka c 4
nepemuoxurensimu B CAIIP TIJIMC Quartus Il (meradynaxmust ALTMULT_ACCUM, nunus 3a0epKKu
MIOCTPOEHA HA BHYTPEHHHX peructpax nepemuoxuteneit MULTO-MULT3)
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D8 dD.Pns BDPns WZD‘Dns WSD‘Dns ZDDiDns 24D‘Dns ZED‘Dns BZD‘Dns BSD‘Dns dDD‘Dns
Name
ml« | L Lo L
ﬁ_‘ b [ 3 I 1 ! ]
@_ﬁ Fiter_MAC 0 oy DS EE AN §
@i it o I ] J{ ] ) 1 T 0
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Puc.2.10. BpemenHbie iuarpammbl paOboThl GHIBTPa Ha 4 OTBOJIA C UCIIOIB30BaHUEM
meragynkuuu ALTMULT_ACCUM

memmult
P 4
L e 30 PUTPUT Wism “Fulif7 0]
3E data_in[3..0] result7..0] > L
coeff_in[3.0] load_done ~ » done
Uload 1 = 1 sload_coeff
res
M| scr
clk L clock data_in=unsigne
3 0 coefficient=unsigned
TXEC0] S O B30 5 Total Latency = 2|
' inst1
S, res
clk
Telic TR

Puc.2.11. Ymuoxenue 11 na 10 ¢ nomompto Meragpynkunn ALTMEMMULT



3HaYMTENbHO  ympocTuTh  paspabotrky KUX-dunprpa
MO3BOJISIET UHOE UCIIOJIb30BaHUE MerayHKIuu
ALTMULT_ACCUM (momudukanus Bapuanta 1). daktuueckue
9T0 onHa MerapyHkuus (1 Om0K ¢ 4 MEePEMHOXKHUTEISIMH), B
KOTOPOM JIMHUSA 33/Jep)KKM OpraHM30BaHa Ha BHYTPEHHUX
peructpax 4 mepemMHoOXuTeNneld. B MerapyHKIIMU HCIOIB3YIOTCS
BCTPOCHHBIE JIBA CyMMAaropa U OJUH CyMMAaTOp-aKKyMYJISITOP
(puc.2.9). Bpemennbie auarpaMMbl paboThl (PHIIBTPOB, TTOKA3aHHBIC
Ha puc.2.10 He OTIMYaKOTCsA OT AUArpamMm Ha puc.2.8.

Paccmorpum ymHoxenue aecsituuHoro yucia 11 Ha 10 Ha
npumMepe MerayHKIUu ALTMEMMULT (puc.2.11).
Meradynkuus ALTMEMMULT npeagna3naueHa At yMHOXKEHUS
yrclia Ha KOHCTAHTY, KOTopasi XpaHutcs B 6nounoi namstu [IJINC
(M512, M4K, M9K u MLAB-6110ku), obecrieunBasi HaMBBICIIIEE
OBICTpPOACHCTBHE  JMMHUTUPYEMOE  JIATEHTHOCThIO.  OgHAKO
KOHCTaHTY MOKHO 3arpy3uTh U M3 BHEUIHero nopra. Cuutaem, 4to
10 sTO KOHCTaHTa U 3arpyxaercs Hu3 BHewmHero mnopra. Ilo
YMOJTUaHUIO0, B MeTa(yHKIUIO 3arpykKeHa, HalpuMep, KOHCTaHTa 3.
JlatenTHOCTH MerayHKIMU - 2, T.e. JOCTYIHOCTh pe3yibTara
YMHOXEHHsI YMClia HAa KOHCTaHTY, €CIM KOHCTaHTa XpaHUTCS B
namsTH MeraQyHKIIMH, BO3MOKHO YK€ MOCJe 2 CHHXPOUMITYIIbCOB
(BBICOKHI ypoBeHb cHTHama O0ONe, COOTBETCTBYIOIIUN TMOPTY
load_done). UYwuciao 3 3arpyxkeHHoe B MeraQyHKIMIO IO
YMOJTUYaHUIO YMHOXKE€HHOe Ha uyucio 11 ¢ BxomHoro mopra
data_in[3..0] maer pesymbrar 33. Jlaiee, CHHXPOHHBIA CHTHAI
3arpy3ku load (mopt sload_coeff) paspemaer 3arpy3ky uucna 10 B
nepeMHoOXxuTeIb. Huskuii ypoBeHb curHana done B TedeHue 16
TaKTOB CHHXPOYACTOTHI TOBOPUT O TOM, YTO HJIET MPOIECC
yMHOXeHHs. W mumb crmycTs 2 CHHXPOUMITYIIbCA TPU BBICOKOM
ypOBHE curHaja (0Ne Ha BBIXOJIE MOSBISAETCS TPEOYeMOE YHCIIO
110. Takum o6pa3zom, mpolecc yMHOXeHHs cocTtaBisger 20
CHHXPOUMITYJIbCOB OT MOMEHTa TmosiBieHus curHana load
(puc.2.12).
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Puc.2.12. Bpemennsie nuarpammbl yMHokenus 11 va 10. ITo

YMOJIYaHUIO B MeraQ)yHKIIMIO 3arpyeHa KoHcTanTa 3. Pe3ynprat
110

Tperunii BAPHUAHT. ITpumensisa Mera(yHKIIHIO
ALTMEMMULT, pa3pabotaeM mnapajjielIbHyI0 —pean3aiuio
KUX-dunptpa Ha 4 0TBOJIA C UCHOIB30BAHUEM 4 TIEPEMHOXKUTENEH
(4 6moka mo 1 mepemHoxutento B kaxaom) B CAIIP TIJIMC
Quartus Il u nmepeBa cymmaropoB (puc.2.13). BHemHsss auHHS
3aJIepXKKM COCTOMT HEe U3 3 PpEerucTpoB Kak B IMEpPBBIX JBYX
BapuaHTax, a u3 4 peructpoB. JlononHuTenbHO TpedyeTcs, Kak U B
HEPBOM BapHaHTE TPH OJHOTUIIHBIX MHOTOPAa3psIHBIX CyMMaTopa.
JIaTeHTHOCTh KaXJI0r0 YMHOXHTENS 2. B KaKIblii yMHOKUTEIH 1O
YMOJTYaHHUIO 3arpyxeHo yucio 0. BpeMeHHble quarpaMMbl paboThI
¢wibTpa Ha 4 OTBOJAa C UCHOJb30BAaHUEM MerapyHKIUU
ALTMEMMULT nokazansl Ha puc.2.14. Kosdouiments
¢unstpa Cy=-2, C;=-1, C,=7 u C,=6 3arpyxarTci u3
BHelHero nopra. [lisg 3Tux neneil ucrnonb3yercs MeradyHKUIUs
LPM_CONSTANT.

PaccmoTpuMm BapumaHT, Korga KoO3(QQHUIMEHTH (GUIbTPa
3arpyxkatotcst u3 Onounoit mamstu B IIJIMC. B meradynkiun
ALTMEMMULT  ko3d¢unuentsl  OpeACTaBIsAIOTCS  Kak
LEJIOUMCIIEHHbIE 3HaueHus co 3HakoM (puc.2.15). Bpemennsle
auarpaMMbl paboThl QUIBTpa Ha 4 OTBOAA C HCIOJIb30BAaHUEM
merapynkuun ~ ALTMEMMULT  nokazanel  Ha  puc.2.16.
CpaBuuBas puc.2.14 u puc.2.16 BuauMm, uTo OBICTPOAEHCTBHE
¢mwIbTpa B 3TOM Cilyyae 3HAYUTEIbHO YBEIUYMBACTCS 3a CUET
XpaHeHHs KOAPPUIIMEHTOB B OJIOUHON MaMSITH.
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Puc.2.13. TapamtensHas peanu3anus KUX-hunsTpa Ha 4 0TBOJIA ¢ UCIIOJIB30BAHUEM 4 YMHOXHUTEIICH B
CAIIP I'JTMUC Quartus Il (meradpyaxmus ALTMEMMULT, nunaust 3a1epKu ocTpoeHa Ha 4
perucrpax, Ko3phunueHTs! GUIbTpa 3arpyKatoTcs U3 BHEIIHET0 opTa)
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ALTMEMMULT (ko3¢ dunments! puibTpa 3arpyxatorcs u3 6nounoit namstu [1JIMC)
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Tabmuua 2.2

Amnainu3 3aaeiicrBoBaHHbIX pecypcoB ITJIMC cepun Stratix nmpu peanuzaiuu napamuienababix KMX-
¢buIbTPOB Ha 4 OTBOJA C UCHOJIB30BaHUEM MeradyHKIUI

Pecypcer IUINC
cepun Stratix

MeradyHxuus

ALTMULT_ACCUM. 4

Osoxa 1o 1

MIEPEMHOKUTEITIO B
KaXX/IOM, BHCIITHSSI JIMHUS
3aJICPKKU U3 3 PETHCTPOB /
1 G110k (4 IEPEeMHOXKHUTEINSA
B 0JIOKE, BCTPOCHHAS

JIMHUSA 3az[ep>1<1<n)

MeradyHkuus
ALT-
MULT_ADD. 4
MIEPEMHOXKUTETS B
0JI0Ke, BHEIITHSSA
JIMHUS 321 PKKA
u3 3 perucTpoB

MeradyHkuus
ALTMEM-
MULT. 4 6noka
mo 1
MePEMHOKUTEITFO
B KaXXIOM
(k03¢ GHULHEHTEI
¢dunpTpa
3arpyXaroTcs U3
BHEIITHETO TTOPTA)

MeradyHKims
ALTMEMMULT. 4
61oka 1o 1
MEPEMHOKUTEIO B
KaXIOM
(k03 urmenTsI
¢mipTpa
3arpyKaroTcs u3
0JIOYHOM MaMSITH)

Bapwmanr 1 Moudu- Bapwuanr 2 Bapwuanr 3
Kauus
BapuaHTta |
1 2 3 4 5 6
Kon-Bo AJIM mis 18 0 0 181 18
peanuzauuu
KOMOHWHAIINOH-

HBIX (DYHKIIHHA




L6

oJloJDKeHne Ta01.2.2

1

6

Kom-Bo AJIM ¢
MMaMSITBIO

36

AJIM

18

o|o

152

4

Koi-Bo
BBIJIEJIEHHBIX
PETHCTPOB

12

248

68

AnmnapatHsle
MEPEMHOXHUTEIH
(DSP 18x18)

16

Kon-so AJIM mis
BBITTOJTHEHHS
KOMOMHAIIMOHHBIX
hyHKITI 6e3
HCIIOJIb30BaHUS
PETHUCTPOB

18

49

36

Kon-s80o AJIM nox
pETUCTEpHEIC

pecypcbl

12

12

50

196

Kon-s8o AJIM nox
KOMOMHAIIMOHHBIE
U pErHcCTepHBIC

pecypcbl

196

18

PaGouast uacrtora
B HAMXYIIIeM
ciyuae, MI'n

400

400

400

331

400




B nmanHOM pa3zzene paccMOTpEHBI pa3iMyuHble BapUaHTHI
MPOEKTUPOBAHUS napajieabHbIX K1X-punsrpon c
ucrionb3oBanueMm Meradpynknuii  CAIIP  TIJIMC  Quartus 1l
xommanuu Altera a Takke yMHOKEHHE METOJIOM MPABOTO CIBUTA C
HAKOIUICHUEM.

Ounptp Ha Meradpyakunun ALTMULT _ACCUM (BapuanT
1) sBnsieTcss cambIM 3aTpaTHBIM, T.K. TpeOyer 16 ammapaTHbIX
MEPEMHOXKUTENCH, TPU JOMOJHUTEIBHBIX CyMMaTOpa U BHEIIHIOK
TUHUI 3axepkku  (Ta6m.2.2, AJIM-aganTUBHBIA JIOTHYECKHM
MOJIYJIb).

HaubGonee onTumManbHBIM TI0O YHUCIY HCIOJBb3yEMBIX
pecypcoB [IJIMC sBnsiercss momudukanus Bapuanta 1, KoTopas
MO3BOJIIET MOCTPOoUTh mapaenbublii KUX-bunstp Ha 4 oTBOAA €
UCIIOJIb30BaHUEM BcCero Juib 1 O1oka ¢ 4 NEepeMHOXUTEISIMH,
BCTPOEHHBIMU JByMsI CyMMaTOpaMH, CyMMaTOPOM-aKKyMyJIITOPOM
U JINHUEH 3aJIePIKKHU.

Meradpynkunn ALTMULT_ADD Ttak ke mO3BOJIAET
noctpouts napamiensHbiii KUX-bunetp ¢ ncnonb3oBaHreM BCEro
mumb 1 Onoka ¢ 4 MepeMHOXHUTENSMH, BCTPOCHHBIMH TpEMs
cymmaropamu. lMcnonb30oBaHUE BHEIIHEH JMHUU 33J€PKKUA U3 3
PETUCTPOB MPUBOAUT K HE3HAUUTEIILHOMY YBEIMUYEHHUIO PECYPCOB U
HE CKasbIBaeTcs Ha ObicTpojeiicTBue. DkoHOoMuUs pecypcoB [IJINC
B TEpBOM MOAM(PHUIMPOBAHHOM U BO BTOPOM BapHaHTax
JIOCTUTAETCS 3a CYET UCIOJIb30BaHUSI BCTPOCHHBIX 4 ammapaTHBIX
nepemMHoxurenen 18x18.

@unbtp Ha Meradpynkuuu ALTMEMMULT c 3arpyskoit
Kod(G(UIIMEHTOB M3 BHEIIHET0 MOpTa 00JafaeT MOHMKEHHBIM
ovicTpozeiicTBueM. Mcrmonb3oBaHue k€ OJOYHOW MaMATH JUIS
xpaneHus koddpdumuentos guubrpa BHyTpH [IJIMC 3HaUNTENEHO
VIIPOIIAET MPOIecC Pa3padOTKH U HE MPUBOAUT K CYIIECTBEHHOMY
YBEJIMUEHHUIO PECYpPCOB 3a CYET HUCIOJIb30BAaHUS BHEUIHEH JMHUU
3a/Iep)KKU Ha 4 PEerucTpax, JOMOIHUTENBHBIX TPEX OJHOTHITHBIX
MHOTOPAa3psATHBIX CYMMAaTOPOB M HE CHUXKAET OBICTPOJICHCTBUE
MIPOEKTA.
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2.2. KUX-puabTpbl Ha MOCJIe10BATEIbHOM
pacnpeneieHHoil apudpmeTnke

Pacnipenenennas apudmeTrka MHUPOKO HUCIONIB3YETCS MpH
MPOEKTUPOBAaHUU  BbICOKONpousBoauTenbHbix KUX- u  BUX-
GuIbTPOB, aNaNTUBHBIX (PUIBTPOB, CHEHUANBHBIX BBIYUCIUTEICH
HampuMep, ¢ MpuUMeHeHueM OwicTporo mnpeobOpazoBanus Dypse,
JTUCKPETHOTO Beiduer-nmpeodpazoBanus U Ap., Ui pealr3aluu
myabTumenua cucreM B Oasuce I[IJIMC. Ilostomy mpencraBiser
OTIpe/IeNIEHHBI WHTEPEC PAcCCMOTPETh OCHOBBI TaKOW apudMeTuku
Ha npuMepe npoektupoBanus KUX-¢punptpa Ha 4 0TBOfA.

B HOC-npunoxenusx xodpQuiueHtsr ¢GuibTpa MOTYT
OBbITh  TPEACTABIEHB  KAaK  MOJOXHUTEIbHBIMH  Tak |
OTPULATENIbHBIMU  YUCIaMU (I[EJIOUUCTICHHBIMU 3HAYEHUSIMH CO
3HaKOM), B CBOK oOd4epelb, HHPOPMAIMOHHbIE CHUTHAJbI
MOCTyMawInue Ha BXOJ (uibTpa TaKk K€ MOIYT ObITh
MPEJICTABJICHBI KaK BCE MOJOXKHUTENbHBIE, TN0O0 MOJI0KUTEIbHBIMU
WIA OTpHULATENbHBIMU uuciaMu. [103TOMy BakHO pPaccMOTPETh
TaKHe MOHATHS KaK JONOJIHEHHWE N0 €JUHUIBI U JOIOJHEHUE JI0
NIBYX, T.€. OOpaTHBIA U JTOTOJHUTENBHBIA KOJ, a TaK K€ MMOHATHE
“pacmiupeHue 3Haka”. JlomojgHeHuWe 10 JBYX  HauOoiee
3(pPEKTUBHO B ONEpALUAX YMHOXKEHUS M HAKOIUIEHUS YHCEN CO
3HAKOM.

VpaBuenne KUX-punprpa (HEpeKypCHBHOIO IHM(PPOBOro

¢mibTpa C KOHEYHO-UMITYJIbCHON XapaKTePUCTHKO)
MMPEACTABIACTCA KAK apI/I(I)MeTI/I‘-IeCKaH CymMmMa HpOI/I3BeI[eHI/II711
K-1
y=>Cc %, (2.2)
k=0
Trae y — OTKJIMK IICIIH, Xk — k —asl BXOAHas nepeMeHHaﬂ;

C, —BecoBoit  koddduimeHT K —ol BXOIHOW TEPEMEHHOMH,

KOTOPBII SBJSIETCSl TMMOCTOSIHHBIM JIIsl BceX N; K -9mcio oTBOJOB
dmibTpa.
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Ha puc.2.17 nokazana npsimas peanuzaruss KUX-dunprpa
no ¢dopmyne Y=CyX,+Cx +C,X, +C;X, ¢ HCIOIb30BaHUEM
CABUTOBBIX PETUCTPOB JUIsl OpPraHU3aLMU JIMHUM 33J€pKKU Ha 4
0TBOJIA (Takoii (yHKIIMOHATIbHBIH y3en Ha3bIBAOT
MHOTOPAa3pSAIHBIA CABUTOBBIM PETrUCTp), MEPEMHONKUTENEH, IS
YMHOKE€HHSI CUTHAJIOB HA KOHCTaHThl M OJHOIO CymMmaTopa C
BHYTPEHHEH opraHuzamued “mepeBo cymmaropoB”. Ha puc.2.18
MoKa3zaHa OOILENpPHUHATAas] METOJUKAa YMHOXKEHHUSI C HAKOILICHUEM
(MAC), xapakTepHas I peanu3aldd B 0a3MCe CHTHAIbHBIX
MPOLEeCCOpoB, ucnonbzyemast it nocrpoenuss KNUX-dunsrpa Ha 4
OTBOJIAa U3 33 OTCYTCTBHUS BCTPOCHHBIX YMHOKUTEIIEH.

Ha puc.2.19 mnokazaH oAuH U3 BapUaHTOB MOCTPOCHUS
0JIoKa YMHOXEHHS C HAKOIUICHUEM U aJrOpUTM peanu3aliiu
YMHOKE€HHUSI METOJOM CJBUIa U CIOXEHHUS C HAKOIUICHHEM.
JeMoHCTpupyeTcsl anmapaTHas peanu3alus YMHOXEHHUS 4Yucia
x (0101, D5) na koncrautry C (1011, D11) ¢ ucmonab3oBaHHEM
MHOTOpa3psHOTO0 MYJIbTHILUIEKCOpPa 2 B | Ha OOUH U3 BXOJOB
KOTOoporo mnojaerca KkoHcTtanta D11 a Ha gpyroil - HoOmb U
MacIITabUPYIOIIETOo aKKyMyJIsiTOpa (cymmaropa) TUTSt
CYMMHUPOBAHHS YaCTHUYHBIX MPOU3BEAECHUN C COOTBETCTBYIOLUIUMH
Becamu. Ha aapecHblil BXOJ MYyJBTUILIEKCOpPA C TOMOIIBIO
cIBUTOBOrO peructpa mnomaercs uucio X (DS) mmagmmmun
paspsgaMu  Brepen.  Pe3ynbraToM — YMHOXKEHUS  sABIIETCS
necatuyHoe uucio 55. Puc.2.20 mnokasbiBaeT  yMHOMKEHHE
JnecsTMYHOro umcia 11 Ha S5 MeTogoM mpaBOro casura ¢
HAaKOIJICHUEM 110 pPEeKyppeHTHOH ¢dopmyne, TIOKa3aHHOW Ha
puc.2.19.

Paccmotpum npoexktupoanue KUX-dpunstpoB B 0Oasuce
[UJIMC ¢ wucrnosib30BaHUEM — paclpelesieHHOW — apu(METHUKH.
[Tpenmy1iecTBO MOCIEOBATENBHOM pacnpeeeHHON apu(pMeTuKu
peanmu3zoBanHoil B Oasumce IIJIMC 3akmiouaeTcss B CHUDKEHUH
o0beMa 3aJefiCTBOBAaHHBIX pECypcOB 3a CHeT OTKa3za oT
UCIIOJIb30BaHUsl BCTPOEHHBIX yMHOxuTene. Crtpykrypa KUX-
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¢bunsTpa Ha 4 oTBOJA OyIET COCTOSITH W3 OJHOM

LUT-Tabaumpl,

coJiepXKaliei KOMOWMHAIUIO CyMM KO3((UIIMEHTOB SBIISIOIIUXCS

KOHCTaHTaMH, BCEX BO3MOXXHBIX BapHaHTOB Ha
BXOJIaX, HAKaIlJIMBAIOMIEr0 (MacmTaOUpYOIIETO)
MHOTOPa3psIHOrO CIBUTOBOTO peructpa (puc.2.21).

ee aJpecHBIX
cymmaTropa u

N ——T
sum el
@—) X0 st (MAC-Bnox)
®—> x|——‘ ‘7;,‘;;';"';" H - ’ ™~
CI X1 L
E X, C|+ ’ Y S+ }—v
C Brok yusoNeHNA -
— K2 CT;::‘E?'IT" — A
Y c.A -
xI Bnox yMHOXEHUE 1
C; * Yumomnrens Cymmatop
Puc.2.17. Tlpsimas peanu3arnus Puc.2.18. IapannenbHbIi
KUX-dunsrpa Ha 4 oTBOIA AITOPUTM peann3aluy ypaBHEHHUS
KUX-dunbrpa Ha 4 oTBOJA C
HCIIOJL30BaHneEM 4 OJI0KOB
YMHOXKEHHSI ¢ HAKOTJICHUEM
x
0101 m8)
r”””””””"
e ﬁ n— €000 < bemn
= 1 I D a—f—0 *x B0 8 ® X mowmen
| co : e —
1 ] . |0 coxd
¢ 1 : ,," + b d 1 1 coxz' Matphua Guron
1011 | MUX > 18 [ 0 coxz? [ mRomsmenerani
1) - ! coxa®
o o : - 1 | ¥
! Ty : [ E X N NN NN D Npowsenenme
. " E %é : ﬁ APT—
1 1011 5z ; p(,i+1) = (pm + x,C Qk) 2-1 pl=Q
0 ; 8 ? ? 0- i 1 |— Cnoxenne 7| P(k)=p = ax+ p(O)Z'k
1 - ! !
0000 0 : e |—caeur anpaso—]|
o01101 11 ~ T TTTT
RESULT

DS§

Puc.2.19. brok yMHOXXEHUS C HAKOTUICHHEM U aJTOPUTM
peanu3anuy YMHOKEHHSI METOJIOM C/IBUTA U CIIOKEHHUS C

HaKOIIJICHUEM
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Puc.2.20. YMHOXeHue necaTuyHoro yucia 11 Ha 5 merogom
MPaBOTo CABUTA C HAKOTUICHHUEM

co Addr Data

0000 _Jo
X0 0001 |ep
SREC 0010 [er
g

0011 |ea+cy 8ealing Accurnulator

‘\
(
+ : : >>1
C1 - .
X1 T110_|c oz +os

‘:O 0D Q » Y

=g | oy
C3 j

Y =X0C0+X1C1+X2C2+X3C3

X3
2

Puc.2.21. Unes ucnonp30BaHUS pacipeieIeHHON
apudmeruxu Ha npumepe KUX-punbptpa Ha 4 0TBOJA
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Ecmu paccMaTtpuBaTh BXOAHBIC IEPEMEHHBIC X, KaK LECIIbIC

JCCATHYHBIC YK CJIa CO 3HAKOM B JOIIOJIHUTCIIBHOM ABOHYHOM KOIC
TO:

B-2
X = Xep2 + D X2 (2.3)
b-0

rae B —paspsaHocts koma. IMoxcraBum Beipaxkenue (2.3) B (2.2),
MOJTY4YHM:

K-1 B-2
y:ZCk'|:_Xk(B 1) +Zxkb Zb}
B1 K-1B-2 b
= Z e-n2  Cy +szkb2
ke k=0 b

PaCKpoeM BCE CYMMBbI B BbIpaX€HUU (2.4) U crpynnupyem
yyclia o creneHsm B :

(2.4)

Y= Ko 'Co + X 'Cl + Xy 'Cz +.o.t X(K-l)O 'CK—l
1
+ lm Co+X%,-Cl+x%x,-Co+. 4 X (k-1 -Cya :|2

+ ks Cot o Cit %y - Cy o+ Xy - Cry 22
(2.5)

B-2
+ lO(B—Z) “Co+ Xy gy " Cy + Xyg2) - Cy +oo+ X pyg) - Ca -2

B-1
- lO(B—l) “Co + Xy " Cy + Xpg9y - Cy +o + X gy * Ca ]2

Beipaxxenue (2.5) ans KUX-¢punbrpa Ha 4 otBoga (K =4)
B KOTOpDOM BXOnHas mepeMeHHas X, (N) 4-paspsanas (B=4)

3allMIIEM B BUIC:

y=P,+P -2 +P, 22 P 2°.
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= XooCo + X40C; + X50C; + X50Cs
X0iCo + X1Cy + X51Cy + X51Cy
= X2Co + X,C; + X,C, + X3,C4 ,
Py = XoaCo + X13Cy + Xp3C, + X35Cy

wJ <0 S0
I

rne By, B, P,, P, — yactuunble npousBeneHus.
Beruncnenne pesyaprata  y(N)  HAaYMHAETCA  IyTEM

aJipecaliii BCeMH OMTaMM MJIAJIIICrO 3HaYallero paspsjaa Bcex K
BXOJHBIX nepeMeHHbIX LUT-tabmuiel, coaepkaiieii KoMOMHAIUIO
cyMmM  kod(pdunuentoB  unbTpa.  BeIXOomHOE — 3HAaUYCHHE
MPOCMOTPOBOM  TaOJMIIBI COXpAHSETCSs B MACIITAOUPYIOIIEM
akkymynstope. Ilocme  sroro  LUT-tabnmuma — aapecyercs
CIICAYIOIIMMU OWTaMU OT MJIAJIIETO 3HAYAIIETO BCEX BXOIHBIX
TIepEMEHHBIX, Pe3yIbTaT YMHOXKaeTcs Ha 2° (IIyTéM C/BUTa CI0Ba
B JIeBO) U Jjo0aBisgercs B akkymynsTop. JlaHHas omnepanus
BBITIOJIHSETCS] HAJl BCEMU 3HaYalllUMU OMTaMH, KpOME 3HAKOBOTO -
BbIxoHOe 3HaueHue LUT-tabmunbl, ampecyeMoil cTapiiuMu
OWTaMu BXOJHBIX IIEPEMEHHBIX BBIYATACTCS M3 aKKyMYJSTOpa
(puc.2.22). Onna 4-x BxomoBas LUT-tabmuna obecneunBaer 16
YaCTUYHBIX TPOU3BEACHUHN, KOTOPHIC SIBISIFOTCS KOMOWHAIMSIMH
cymm k03 punnertoB KUX-punbrpos.

Eme pa3 oOpatuM BHMMaHHE Ha TO, YTO JIONOJHEHHE /0
JIBYX MOXXHO TIONyYWTh, €ciIM MpHOaBUTH 1 K pe3ynabTary
obpamenusi. OOpailieHHe JOTUYECKH SKBUBAJICHTHO WHBEPCUU
Kaxnoro omra B umciie. Bentmim Hcxmrouaromntee MJIM MoOxHO
NPUMEHUTH ISl M30MpaTeTbHOW WHBEPCHU B 3aBHCUMOCTH OT
3HAUEHMsI yMpaBJsaomiero curuana. [lpubasnenne 1 k pe3yapTaty
oOpallleHus: MO>KHO pealin30BaTh, 3ajaBasi 1 Ha BXoJe nepeHoca C,

(puc.2.22).
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Mpumep

YMeHbliaemoe A +14 01110 +7 00111

BbluuTaemoe B -(+7) - 00111 -(+14) - 01110

01110 00111

nepesopn B + 11000 + 10001

B AOMNOIH. Kog { + 1 + 1

PasHocTb +7 1j00111 7 11001
Mepenoc

WITHOPHPYETCA
ITpumep 1. Beruntanue ¢ UCrosb30BaHUEM JOTIOIHUTEIBLHOTO KO
(momostHeHME 110 ABYX). OCYIIECTBIISIETCS] HHBEPTUPOBAHUE
BBIUUTAEMOr0 U CyMMHUPOBAaHUE, U IiepeHoc | B Mitaamuni
3HAYaIIUK pa3psij ¢ NOCIEAYIOIINM CI0KEHUEM

SUM(6:1)
m3P

k=0 X01|x02( 0!
PSR_1

o
133
R

ool
g saneg [ 6
[ c —[:gg A5
CosCl . M A
k=1 X11|x12 c :
PSR_2 Co+C $1_plno 7 sum(s:0)
g :g = Scaling il
/ ¢ Accum. | g FILTERED
k=2 X21|x22 C3+C E DATA OUT
PSR_3 C3+C G
C3+C1+C0 |
( [caeca s SUM(0)
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AONONHNTENEHEIA KOA
Puc.2.22. Yupomennas cxema KUX-puibrpa Ha pacipeaeeHHOl
apu(METUKH

PaccmoTpum mporecc BbIUMCIEHUA Oojee  MOIpPOOHO.
[Tpennonoxum yTo KO3(OUIHEHTH (QUIbTpa LEIOYUCIEHHBIE CO
3HaKOM, u3BecTHHI U paBHbl Cy =-2, C;=-1, C,=7nu C;=6.B
IPOTHUBHOM CIIy4ae MOKHO OBLIO BOCHOJIB30BaThCS HHCTPYMEHTOM
FDATool (Filter Design & Analysis Tool) cucremsl
Matlab/Simulink.
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B wmoment Bpemenn nNn=0 na Bxox KUX-dunbrpa
HOJIaeTCs BXOJHAs MepeMeHHast X,(N) (oTcuer, Hampumep, YUCio

JECSITUYHOE YKCIIO PABHOE -5 MPEJCTABICHHOE B JIONOJHUTEIBHOM
YeThIpEX3HaYHOM JBOMYHOM Koje kak 1011) koTopoe coxpansiercs
B peructpe PSR 1 (mepen Borumcnenuem peructpel PSR1-PSR4
OOHYIISIFOTCS).

[lepBblii MK 00pabOTKM COCTOMT B aJapecalli BCEMH
OuTamMM MIaALIEro 3Havamero paspsna Bcex K =4 BXOJIHBIX
nepemeHHbix 0001 LUT-tabmuusr (puc.2.23). U3 LUT-Tabmuier
M3BJICKAETCA KO3 UIreHT Cos MPEICTABICHHBIN B

nononHutensHoM koxe 111110 ¢ pacmmpenueM 3Haka Ha JiBa
paspsiia ¥ TOCTYHaeT B MAaCHITAOMPYIOUIMHA aKKyMYJATOp, TIe
IPOMCXOIUT €T0 CIOKeHue ¢ HyneM. Onepanus paclMpeHus 3HaKa
JUISL 9KCEJ, MPEICTABICHHBIX B JOMOJHUTEIFHOM KOJE IOKa3aHa
Ha puc.2.22.

[TomyueHHsii pesynbrar 0e3 ydera M3P coxpaHnsieTcss B
peructpe Reg 1, a B casuroseblii peructp Shif Reg 2 coxpansercs
M3P. Pacuinpenue 3HaKa Uid YHUCEN, MOCTYMAIOIIMX Ha BXOJ
MacmTabUpyeMoro  aKKymyJsiTopa  Tepel  CIOXKEHHEeM U
nocnexaytoniee orOpacsiBanue M3P y mosyueHHOro pesynbpTaTa
00eCTIeYnBarOT SKBUBAJICHT OIIEPALMU MACIITA0OMPOBAHNSI.

Bropoit mukn o6pabotku (puc.2.24, wHbOpMAIMOHHBIH
MOTOK ITOKa3aH KPaCHBIM I[BETOM) HAYMHAETCS C aJpecaliid BCEMHU
Outamu OoJiee cTapiiero MJajIIero 3Hadvallero paspsaa Bcex K
BXOAHBbIX TepeMeHHbIX LUT-tabmumpl. U3 LUT-Tabnumsl onsth
U3BJIEKAeTCS KodhduULreHT C, MIpeICTaBICHHBIN B

nononHutensHoM koje 111110 ¢ pacmmpenunem 3Haka Ha JBa
paspsaa, KOTOPBIA MOCTYyMaeT B MacIITaOUPYIOIUN aKKyMyJsTop,
/i€ IPOMCXOAUT €T0 CII0KEHUE C paHee MOIYYEHHBIM PE3YIbTaTOM
COXpaHeHHbIM B peructpe Reg 1 c¢ pacmmpenueMm 3Haka 10 6
paspsnoB. [Tonydennsiii M3P coxpansiercst B peructpe Shif Reg 2
a C3P urHopupyercs.
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Tpernit mwka o0paboTku (MHPOPMAIMOHHBIA TTOTOK
MOKa3aH 3€JIeHBIM I[BETOM) IMO3BOJISIET HAKOMUTh B peructpe Shif
Reg 2 wuucno 010 (puc.2.25). UerBepThlii HHMKI 00pabOTKH
(uH(OPMAIMOHHBIHN MOTOK NOKa3aH CUHUM IIBETOM) 3aKaHYUBACTCS
BBIUUTAHUEM BCEX OHMTOB 3HAKOBOTO pa3psia BceX K BXOIHBIX
nepemeHHbIX LUT-Tabnumer (puc.2.26).

Wzpneuennoe u3 LUT-tabnauupbl uucio mepeBoauTcs B
JIOTIOJTHUTENBHBIA KO/ C TOMOIIBIO OINEpaluu B3ATHUS 0OpaTHOTO
Koma (MHBepcHsi Bcex OWTOB) M mpubOaBnenus 1 k M3P Bxoma B
MacIITaOUPYIOIIETO  aKKyMyssTopa. B pesymprare  Takux
manunyisinuid B peructpe Shif Reg 2 nakaruuBaercst yucino 1010
(mecsitmynoe  ymeno  10), uro coorBerctByer (opmyne 1:
y(n)=CyX,. A B peructpe Reg 3 OymeT HaKOIUICHO JABOMYHOE

necsitupaspsaanoe yucio 0000001010.

[Ipennonoxum, uyro Ha Bxox KUX-punbrpa nopaercs,
HanpuMep, JAECATUYHOE 4YHUCIO PABHOE 3 TPEJCTABICHHOE B
JIOTIOJTHUTEITLHOM YEThIPEX3HAUYHOM JIBOMYHOM Koje kak 0011, To
y=CyX, +CX, =—2*3+(-1)*(-5)=-6+5=-1. Crapoe
3nauenue perucrpa PSR_1 (-5) coxpansiercs B peructp PSR 2 u
3aMermaeTcss HOBbIM yucioM 3. Ilomydum HOBbIE 3HauYeHUS
anapecanu LUT-ra6bmumer 0011, 0011, 0000 u 0010. OcymiecTBuB
YyeTblpe LUKJIa 00paboTku moyiyuuM B peructpe Reg 3 nBoumuHoe
necstupaspsanoe yuciao 1111111111 (-1 B ronosHUTETEHOM KOJIE
B JIECSITUPA3PSATHOM MIPEJICTABICHHUH).

Onexrpuueckas cxema KWUX-¢punptpa Ha 4 oTBOma
HCITOJIb30BAaHUEM MIOCJIEI0BATEIbHON pacnpeneneHHoN
apupmetrike B CAIIP TIJIMC Quartus Il kommanwm Altera
nokaszana Ha puc.2.27.

g xpaHeHus: kKoMOuHaMu cyMMm Koapdunuentos KNUX-
¢unbTpa (LUT-Tabnuma) ucnonp3yercs MmynbTuiiekcop 16 B 1. Ha
MH(OPMALIMOHHBIX BXOJaX MYJIbTUIUIEKCOpPA B IIECTUPA3PSIHOM
NPEJICTAaBICHUH C HCIOJb30BaHUEM JIOTMOJIHHUTEIBLHOTO KOJa
xpanutcs Oynesa pynkuus f = Xx,C, + X,C, + X,C, + X,C,.
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Ha anpecHble BXOIbl MyJbTHILIEKCOpA IOCTYNAIOT OUTHI
MITQJIIIETO 3HAYaleTo pas3psna BceX K BXOIHBIX MEPEMEHHBIX
LUT-tabnuuel. Ilepen HayanoMm paboOTHI, pPETrUCTPBl JUHUU
3agepxkku (puc.2.28) u cueTynk OOHYNISAIOTCS. BXOMHOW OoTCUET
(X0) mepBoHaYaIbHO COXpaAHSAETCS B 4-pa3psIHOM PETUCTpE
PSR4 co caBurom BHpaBO ¢ Mapajule]bHBIM BXOAOM H
[OCJIEA0BAaTEIbHBIM  BBIXOJOM (I  OTJAAKM  CUCTEMBI,
no0aBiseTcsi mapaijienbHbld BeIxoxa). [lpm caBure BmpaBo B
cTapimuii 3Havamuii paspsan peructpa PSR4 noGasnsercs 1. 3a
YeThIpe TaKTa CUHXPOHU3ALUU BXOJHOU orcuer X0 okaxkercs B
casuroBoMm peructpe SISO4 ¢ mociienoBaTenbHBIM BXOJIOM U
[OCJIEA0BAaTEIbHBIM BBIXOJ0M, 3a clielylolue 4 TakTa B IpyroM
peructpe SISO4 wu Tak gamee. Kaxnawni peructp SISO4
ocymiecTBisieT caBur BrpaBo. Peructp PSR4 u Tpu perucrpa
SISO4 wrparor pones nuHum 3agepxku  KUX-dunprpa
(MHOTOpA3pSAAHBIN CABUTOBBIA PETUCTP).

B kauecTBe mpocTeimero ymnpapJSOLIEr0 aBTOMara
HCTIOJIb3YETCA CYMMHPYIOIINN CUETYUK ¢ MoAyJieM cueTa 5. Ero
3a7a4a OTCYUTATh TPU 3HAUYECHUS (YaCTHUYHBIE NPOU3BEIECHUS)
MOCTYNAIOLIKX C BbIX0J1a MYJIbTUILUIEKCOPA U BBIUECTh YETBEPTOE
U3 HakoIIeHHOW cyMmMbl. Tak kak omepanuss BBIYUTAHUSA
3aMEHsIeTCA B3SITHEM 00paTHOTro Kojaa M mnpubasieHueMm 1
M3P, MOXHO HCIOJb30BaTh OOBIUHBINA 7-pa3psAHBIN cyMMaTop
co BxogoMm nepenoca Cin. B peructpe SIPO4 coxpansercs M3P
NOJIydeHHOW CcymMmbl, a B peructpe PIPO6 pesynbrar
cymmupoBaHus 0e3 yuera storo M3P. Pacmmpenue 3Haka Ha
BXOJaX CyMMaTopa OCYILECTBJISETCS C TOMOIIbIO MPOCTOTO
konupoBanus C3P momyuennoir cymwmbsl. Perumctp PIPO6 u
cymmatop ADD co cxemaMu pacuimpeHHs 3HaKa MPEJICTaBISIOT
MaclmTabupyemblii akkymysistop. Jinsg KoppekTHOH paboThl
HEoOXOoaUMO Tociae O0pabOTKHM KaXKJIOro BXOJHOTO OTCUeTa
cOpacplBaTh BXOJBl CyMMaTropa B HOJb. OJTO 00eCHeYuBaIOT
omoku SBROS mpencraBnsromme ©Habop dsimementoB  2U.
[TonydyeHHsii  pe3ynaprar  (OIpOQHUIBTPOBAHHBIE  BXOJHBIE
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OTCYETHI)  MPEACTaBISIEMbIi B  JOMOJHHUTEILHOM  KOJe
coxpansiercs B peructpe PIPO10 ¢ gecaTnOUTHON TOYHOCTHIO.

Ha puc.2.29 nokazanpl BpeMEHHBIE JHarpaMMbl paOOThI
KUX-dpunsTpa Ha pacnpenenenHoi apudmeruke. Ha Bxom KMX-
bunpTpa MoAarTCs BXOJHBIC OTCUYETHI -5 (He mokaszaH), 3, 1, 0 B
JOTIOTHUTENIFHOM KOJe (IIPEICTaBIISIOTCS KakK IleNible YHclia CO
3HakoM). IIpodunpTpoBaHHBIE 3HAUEHHS Ha BBIXOJAE (UIBTpa
(moacBeueHbl opaHkeBbIM 1BeToM): 10, -1, -40, 25.

WNHTepecHO CpaBHUTH BPEMEHHBIE AHarpamMMmbl pabOThI
KUX-punptpa Ha 4 0TBOJA, MOCTPOCHHOTO C IOMOIIBIO
meradykukimu FIR Compiler CATIP TIJIMC Quartus 1.

Hcnone3oBanue Mega Core Fir Compiler mo3somsier
ObicTpo crpoektupoBaTh Iupposoii KUX-bunptp wucxons wus
3aJaHHBIX TMapamMeTpoB. beICTpoTa U Mamas TPYAOEMKOCTh
pacueToB  JlenaeT  JaHHOE  MporpaMmHoe  oOecredeHue
HE3aMEHUMBIM TpH mnpoekTupoBaHun KUX-punbsrpoB B 0Oazuce
ITJIUC dupmsr Altera.

Ha puc.2.30 nokaszansl Hactpoiiku Mmerapynkuunu FIR
Compiler CAITP TIJIMC Quartus Il u ummynbcHas XxapaKTepUCTHKA
npoekTupyemoro  ¢uibrpa. Llenounciennsle KO3 PHUIMEHTHI
¢wibTpa 3arpyxarorcsa u3 (aiia, He MaclITaOUPYIOTCs, UMEIOT
npeicraBieHne B (¢opmare ¢ (UKCUPOBAHHOM  3amsaToM.
BeiOupaetrcst crpykrypa KUX-dunstpa Ha mnocrnegoBaTenbHON
pacnpenenentoit apupmernke, [IJIUC cepun Stratix Il1. T'anoukoii
OTMEYaeTcs, 4YTO0 (WIBTP HUMEET CHUIBbHO HECUMMETPUUYHYIO
CTpYKTYpy Kodddunuento. J[ns XpaHeHus Kod(pQPUIHUEHTOB
¢wIbTpa M OTCUYETOB HCIOJB3YIOTCS JIOTUYECKHE  SUYCHKHU
a/IalITUBHBIX JIOTHYECKUX MOAYyNeH. 3ajaeTcst Tak ke BXOAHAs U
BBIXOJIHAs crienupuKkanuu GuibTpa (pa3psIHOCTh MpPeACTaBICHUS
BXOJIHBIX M BBIXOJHBIX JaHHBIX). Ha puc.2.31 moka3zana TecroBas
cxema KUX-punptpa c wucnons3oBanuem meradynkmuu FIR
Compiler, a HnHa pwuc.2.32 BpeMeHHBIE IUarpaMMbl pPaOOTHI.
Bxonubie otcuetst -5, 3, 1, 0. I[IpodunbTpoBaHHbIE 3HAYEHUS Ha
BeIxoge: 10, -1, -40, 25.
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Puc.2.32. Bpemennnie auarpamMmmbl padbotel KUX-duiabrpa Ha Merapyrkiuu FIR Compiler
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Puc.2.33. Bpemennslie nuarpammsel padotel KMX-dunerpa Ha 4 0TBOIA IO KOY
s3pika VHDL (mpumep 2)



Pa3paboraeM koI BBICOKOYPOBHEBOIO S3bIKAa OINHCAHUS
anmapaTtHeix cpeacts VHDL KUX-dunerpa (mpumep 2 u mpumep
3) ¢ wucnoib30BaHWMEM MpsAMOM peanuszauud 10  dopmyne
y=CyX, + X + C,X, + C.X, u MIOCMOTPUM BPEMEHHbBIE
nuarpammbl - (puc.2.33). CpaBHHMBasi BpPEMEHHBIC JHArpaMMBbI
(puc.2.29 u puc.2.32 c puc.2.33) BUaUM, 4TO NPOPUIHTPOBAHHBIC
3HAYEHHUS Ha BBIXOJIE Yy TpeX (HUIBTPOB COBMAJAIOT, OJHAKO Y
(GUIBTPOB HA pacHpeeICHHOW apu(PMETHKH “HY>KHbBIE” BBIXO/IHBIC
3HaueHUs OOHOBISIIOTCS Kaxkzable 4 TakTa. CylIeCTBEHHBIM
OTIIMYHMEM SBIICTCS HAIMYUE Y Pa3HBIX (UIBTPOB Pa3IUYHBIX
BCIIOMOTaTeNbHbIX cUTHANOB. JlonomHutensHo meradynkius FIR
Compiler wumeer BcTpoeHHBIH  HMHTepdelic  0OIeryaromui
B3aMMOJIeIiCTBHE ¢ IepUPepUiHBIMH YCTPOMCTBAMHU.

library ieee; library ieee;
use ieee.std_logic_1164.all; use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all; use ieee.std_logic_arith.all;
package coeffs is entity filter_4 is
type coef _arr is array (0 to 3) of port (din : in std_logic_vector(3 downto
signed(3 downto 0); 0);
constant coefs: coef_arr:= reset, clk : in std_logic;
coef arr'("1110", "1111", "0111", Sout: outstd_logic_vector(7 downto 0));
"0110™); end filter_4;
end coeffs; ARCHITECTURE a OF filter_4 IS
library ieee; constant CO: std_logic vector(3 downto
use ieee.std_logic_1164.all; 0) :="1110";
use ieee.std_logic_arith.all; constant Cl: std_logic vector(3 downto
use work.coeffs.all; 0) :="1111"
entity fir_var is constant C2: std logic_vector(3 downto
port (clk, vreset, clk ena: in 0):="0111";
std_logic; constant C3: std logic_vector(3 downto
date: in signed (3 downto 0); 0) :="0110";
g_reg: out signed (9 downto 0)); signal x0,x1,x2,x3:std_logic_vector(3
end fir_var; downto 0);

signal  mO0,m1,m2,m3:std_logic_vector(7

downto 0);
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architecture beh of fir_var is BEGIN

begin mO0<=(signed(x0)*signed(C0));
process(clk,reset) ml<=(signed(x1)*signed(C1));
type shift_arr is array (3 downto m2<=(signed(x2)*signed(C2));
0) m3<=(signed(x3)*signed(C3));

of signed (3 downto 0);
variable shift; shift_arr; Sout<=(signed(m0)+signed(m1)+
variable tmp: signed (3 downto signed(m2)+signed(m3));
0); process(clk,reset)
variable pro: signed (7 downto begin
0); if reset="1" then
variable acc: signed (9 downto x0<=(others=>'0";
0); x1<=(others=>'0";
begin x2<=(others=>'0";
if reset="0" then x3<=(others=>'0";
foriinOto 3 loop elsif (clk'event and clk="1") then
shift(i):= (others =>"'0"; x0(3 downto 0) <=din(3 downto 0);
end loop; x1(3 downto 0) <=x0(3 downto 0);
g_reg<= (others =>"'0"; x2(3 downto 0) <=x1(3 downto 0);
elsif(clk'event and clk = '1") then  x3(3 downto 0) <=x2(3 downto 0);
if clk_ena="1"then end if;
shift(0):=date; end process;
pro := shift(0) * coefs(0); END g;

acc := conv_signed(pro, 10);

for i in 2 downto 0 loop

pro := shift(i+1) * coefs(i+1);

acc := acc + conv_signed(pro,

10);

shift(i+1):= shift(i);

end loop;

end if; end if;

q_reg<=acc;

end process; end beh;

[Tpumep 2. Kog s3eika VHDL  Tlpumep 3. Kox s3eika VHDL

KUX-dunptpa Ha 4 oTBOJA KUX-punetpa Ha 4 oTBONA
(BapuaHT)
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B nmanHOM pasnmene Ha mpuMmepe  IPOEKTUPOBAHUSA
npocreimero KUX-dunbrpa Ha 4 0TBOJA TOKAa3aHbI OCHOBBI
pacnpefieieHHOM apu(METUKH I[IUPOKO HCIOJIb3YeMOW  JUIs
pa3paboTKu BBICOKOMPOU3BOIUTEIBHBIX LHUQPPOBBIX YCTPOHCTB
idpoBoit 00pabOTKH CUTHAJIOB.

2.3. KUX-puabTpbl HA NapauIeIbHOM pacnpe/eeHHO
apudmernke

Ilenp nmaHHOrO pasznena Ioka3zarb, 4yTo ocHoBod KMX-
bunbTpa Ha MmapalsieNbHOM  pacmpeneneHHOW — apudmeruke
ABJISIETCSl NApaJUICIbHbII BEKTOPHBIA YMHOXUTEIb, peaTu3alus
koToporo B 6azuce IIJIMC mno3BosisieT Mmoay4uTh MaKCUMallbHbIN
BBIMTPBILI 110 OBICTPOACHCTBHUIO.

VYpasuenne KUX-punsrpa (HEepekypcUBHOTO IHGPOBOTO

bunsTpa c KOHEYHO-UMITYJIbCHOM XapaKTEPUCTHKOM )
HpeI[CTaBJ'I}IeTCSI KaK apI/I(I)MeTI/IquKaH CYMMa HpOI/I3Be,I[eHI/II711
K
y=>Cc %, (2.6)
k=1
rae y - OTKJIUK HCHI/I; Xk — k —ast BXOAHas nepeMeHHasi;

C, —BecoBoit  kodduimeHT K —olf BXOIHOW TEPEMEHHOM,

KOTOPBII SBJISIETCSl MMOCTOSIHHBIM ISl BceX N; K -9mcio oTBOJOB
buibTpa.
Ecnu paccMarpuBaTh BXOAHBIE NIEPEMEHHBIE X, KaK LeNble

JACCATHYHBIC YHCJia CO 3HAKOM B AOINOJIHUTCIBHOM ABOWMYHOM KOIC
TO:

B-2
B-1 b
X = X2 + D X2, (2.7)
b=0
rae B —paspsaHOCTE  KOXA; Xy gy 2" —3HAKOBBIA  paspsi.

[ToncraBuMm Beipaxenwue (2.7) B (2.6), momydum:
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K L, %2 .
y= Ck‘|:_xk(51)2 ) +Zxkb'2 }:
k=1

b=0 (2.8)
K 81 K B-2 b
==Y X2 C+ D> % 2°C,
k=1 k=1 b=0

Packpoem Bce cymMMBbI B BhIpakeHUHU (2.8) ¥ Crpynmupyem
yKclia no creneHsm B :

y= [10'C1+X20'C2+X30'C3+---+XK0'CK ]20
+ K, Cl+x%,-Cht %y -Cyt.o 4+ X, -Cy 2"
+ K, Co+x, Cp Xy -Cyto+ X, -Cp 22
(2.9)

B-2
+ 1(B-2) 'Cl + Xz(sz) 'Cz + Xa(sz) 'Cs to.ot XK(B—Z) 'CK ]2

B-1
- [1(,3_1) ‘G Xy - Co + Xaggy -Gyt + Xy gy * Cie ]2

Kaxnoe BbIpakeHuE B KBaJpaTHOW CKOOKE IpEICTaBISET
coboit cymmy omnepamuii M Hag OIHMM pa3psioM BXOJHOU
HEepeMEHHOM X, , onpenensieMyto BecoBbiM (haktopom B Bcex K
BXOJIHBIX MEPEMEHHBIX U BCEMH OMTaMM BECOBBIX KOA((UIINEHTOB
C,.

Hna  crpykrypel KUX-punetpa ¢ 8 oTBOgamu Ha
pacnpenereHHon apupMeTuKe c HECUMMETPUYHBIMU
K03 uLIMeHTaMH BhIpa)K€HHE B KBaJpaTHOM CKOOKe AJis MHAEKca
b MoxeT ObITh 3aMMCcaHo B BUJIE:

[sumb] =X, - C, + X, - C, + X5, - C; + %, - C, +
+ X5bC5 + X6bC6 + X7bC7 + X8bC8
U s GUiIbTpa C CHUMMETPUUYHBIMU KO3 puiienTamus:
[sumb] = (X, +Xg,) - C; + (X, + X7) - C,
+ (X3b + XGb) ’ Cs + (X4b + XSb) ’ C4
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Paccmorpum  moctpoenne KUX-punptpa Ha ocHOBe
napajuieIbHOW  pacnpelenéHHON  apu(pMETHKH Ha  IpHUMEpe
CTPYKTYpbl 8 oTBOfoB 8 OuT. Ilepenmmem ypaBHeHue (2.9) B
CJICYIOIIEM BUJIC:

y =[sum0] + [sumi]2" +[sum2]- 2% +..... +

(2.10)
+[sumé] - 2° —[sum7]-2’

opu 3TOM  NOX obo3HayeHnusamu  sumO, suml u T.nO.

MOAPa3yMEBAIOTCS BBIPAKEHUS, 3aKIIOUYEHHBIE COOTBETCTBEHHO B

MEePBBIX KBAJIPATHBIX CKOOKAX, BO BTOPHIX U T.J.

[IpeoOpasyem coxepxkumoe (opmynsl (2.10) B maccus
MOIOOHBIX CYMM Ha OCHOBE JIBYXBXOJIOBBIX CyMMAaTOPOB:

y = Kumo]+[sumy)2: } Kum2] +[sum3]2* ZZ + Fumd] +[sums]2" 24(2 11)
+ Fum6] —[sum7]2* gb
Win
y = fRum0] +[sum1)2* } Fum2] + [sum3]2* % } 2.12)

ﬁum4]+[sum5]21 } HumG]—[sum?]Z1 gb z“

PasHuna  Mexay — OpUHOMIAMH — [apajlieIbHOW U
MOCNe0BATENbHON pacnpeAenéHHOl apu(METUKU COCTOUT B
qHclie TOCJIEN0BaTeNbHBIX MAaCIITaOMPYIOIIUX CYMMHPOBaHUI
3HAUEHUN KBAJpPAaTHBIX CKOOOK 3a MEPHOJ M3MEHEHHS BXOJHOTO
orcuéra. B cimydyae mapamienbHO# pacrnpenenéHHOM apupMeTuku
HEOOXOIUMO HWMETh B  HOEGHTHYHBIX MAacCHBOB  IaMSATH,
napajuiebHO  aJpeCyeMBbIX BCEeMH OWTaMH BCEX BXOIHBIX
MEPEeMEHHbIX HW  JEepeBO  MAacCIITa0MPYIOIIUX  CyMMAaTOpOB,
OCYHIIECTBIISIFOLIUX ~ COOTBETCTBYIOIIEE CYMMHpPOBAHHME  BCEX
3HAUEHUN KBAJApATHBIX CKOOOK. B maHHOM chydae pe3ynbTaT
dbopMupyeTcsi 3a OAMH TakKT M TEM CaMbIM JIOCTHTaeTCs
HauOobIIIee OBICTPOACHCTBHUE CTPYKTYPHIL.

Beitie npuenennsie ypaBHenus (2.11) u (2.12) momHOCTBIO
SKBUBAJIEHTHBI IO CBOEMY 3HAYEHUIO, OJJHAKO B MOCIEIHEM CIIydae
nMeercs BO3MOXKHOCTh MOCTPOEHUS CBEPTHIBAIOLIETO
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UEPapXHUECKOr0 JiepeBa MHOTOPA3psIHbIX CYMMaTOpOB, 4TO
HAMHOTO VIpOIIAaeT BBEACHHE KOHBeHepa U  JTOCTHXKEHUE
MaKkcHUMaibHOro ObICTponelicTBUua. B urtore BcE nepeBo Oyner
BKIIIOUYaTh B ce0s 8 MHOropaspsaHbix cymmaTopoB. JlanHas
CTPYKTypa Ha  OCHOBE  MapajyIeIbHONM  pachpenesn€HHON
apupMeTHKU o0ecrnieunBaeT MIPaKTUYECKH npeneabHoe
OBICTpOACIHCTBHE MpPH 3HAUYUTEIBHOM OOBEME 3a/IeHCTBOBAHHBIX
pECypcoB.

Ecnu paccMatpuBath BXOJHBIE ITepeMEeHHbIE X, B (hopmare

¢ (uKCHUpOBaHHOHN 3amsAToil (X, — ApOOHBIE 3HAYEHUS, |Xk|<1,

X o —3HAKOBBII pa3psi), TO: -

-b
X =X+ D X2,
b=1

K B-1
y(n) = ch ‘{_ Xgo T Zxkb . zb} =
k=1 b=1

K B-1
k=

) (2.13)
=_Zxk0 -Gy +Z Xy + Cy 27

k=1 1 b=1

AmnanornuHo BelpaxeHuto (2.9) ypaBHenne KUX-dpunbtpa
Ui opmata ¢ pUKCUPOBAHHOMN 3aIATON OyeT UMETh BHL:
y(N) == ko G4 Xy Cp+ Xgg - Cy H oo+ X - Ce 20+
+ kGl xy G Xy Gyt X C R
+ ko ClH%y Gt Xy Coto+ X, - C 272+
(2.14)

(B2
+ Kso) Gt Xoe 0 Co+ X gy Cot oo+ X (ga) - Ci -2 +

o=(B-)
+ ke Gt Xy Co+ Xy - Cy oo+ X gy - Cic -2
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[epedopmynupyem Boipaskenue (2.14) u npeacTaBuM €ro B
CIIEAYIOIIEM BHJIEC M CPAaBHUM C ypaBHeHHEM (2.13):

K B1[ K
y(n) = _ZCkao "’Z chxkb 27" =

kr;ll b=1 | k=1 ’ (2. 15)
=-R+|>.2°R
b=

1

rne P —uactuunble npousBeneHUs (3HAYCHUS B KBaJpPaTHBIX
ckoOkax BwIpaxkeHus (2.14), npeacrapisiomue KOMOMHALUN CYMM
K023 punreHToB ¢bunbTpa, KOTOpBIE IIPE/IBAPUTEIILHO
BBIYUCIISIIOTCS), @ MAacCIITaOMPOBAHWE YACTUYHBIX IMPOU3BEICHUN
MOYET OBITh MapaJUICTIHLHBIM HITH TTOCIIEA0BATEIHHBIM.

Bugum, d4ro w3menenume B (QopMmynax MOPHUBOAMT K
NEepecTpoiike ammapaTHeIX pecypcoB ¢uiubTpa (puc.2.34). Ilo
dopmyine (2.13) nonydaercs GUIBTP ¢ UCHOJIB30BAaHUEM OllepaIuii
ymHOXeHHsT ¢ HakorieaneMm (4 MAC-duieTp) a mo dopmyre
(2.15) ¢unbTp Ha pacmpenciecHHON apudmernke, 0e3 ormeparuit
ABHOrO  yMmMHOXeHHs. A  BelpaxeHus s KUX-¢punbstpa
NPECTaBJICHHBIMU IIEJIOYNCICHHBIMA U JPOOHBIMU 3HAYCHHSIMH,
OTJIMYAIOTCSI BBIUYMCIICHUSIMH 3HAKOBOTO pa3psiia M BECOBBIX
koa¢p¢puunento. Hampumep, st KUX-punbrpa Ha 8 0TBOIOB €
[EIOYMCIICHHBIMU 3HAYCHUSMU CTapIIMiA 3HAKOBBIH pa3psl 3TO

BEIpakeHHe —[SUM7] ¢ Becom 27, a s GuIBTpa ¢ APOOHBIMHU

3HaueHusaMu 310 —[sumd] ¢ secom 2°.

JlonmomHUTENbHBIN KO/I, B-2
y(n) = Zzb P, |-2°"Py,
LEJIOYNCIICHHbIE 3HAYEHUS =
JlomoIHUTEIbHBIM KOJ, B-1 n
y(n)=-P, +| > 2°R,
JpOOHBIE 3HAYECHHUS =
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1A}

c3

X3 L 3
=

[

-

Y= X0C0+X1C1+X2C2+X3C3

SREG

X1

.

X3
S

0)

Y= X0C0+X1C1+X2C2+X3C3

Puc.2.34. KUX-¢punstp Ha 4 0TBO/IA: @) anmnapaTHas peanuszanus puibTpa no Gopmyie (8); 6)
o opmyse (10)



Pacemorpum KUX-dunbtp (puc.2.35) ¢ CHMMETPpUYHBIMHU
kod(duimenTamMu  (BBIOMPAIOTCS CHUMMETPHYHO OTHOCHTEIIBHO
HEeHTpabHOW BenmuuuHbl). B ocHOBe crykTypel KUX-duastpa
JICKUT TapajiebHbI BEKTOPHBIA MEPEMHOKUTENb, B KauecTBe
KOTOPOTrO U3 3a IOCTOSHCTBA KOX(P(GUIMEHTOB HCIOIb3YIOT
tabmuiyy mnepexkoaupoBok (LUT), sBisromnryrocss HEOThEMIIEMOM
yacTeto Jormueckoro Omoka ITJIMC. PaccmorpuMm mpocteimmii
napajuleNIbHbI BEKTOPHBIN MEPEMHOXKUTENb 4-X IBYX pa3psaHbIX
CUTHAJIOB Ha 4 NBYXpa3psiiHble KOHCTAHTHI (YEThIpEX pa3psaHbIN
BEKTOPHBI TEPEMHOXKHUTENb), B MPEANOIOKEHHH, UTO BCE
BEJIMYMHBI I[EJOYHCICHHBIE U TMOJIOKUTEIbHBIC, MPEACTaBICHBI B
npsiMmoM Koje (puc.2.36). YMHOXKEHHE H CIOXKEHHE MPOUCXOIST
napajienbHo ¢ ucrnonb3oBanuem LUT (1a6m.2.3).

h(1)

! MapannenbnHsii
| BEKTOpHLIIl NepemMHOKITEmb

Puc.2.35. Crpykrypa KM X-punbrpa Ha 8 0OTBOJIOB €
CUMMETPUYHBIMH KO3 (UIIMEHTaMH, B OCHOBE KOTOPOU JIEKHT
NapaJuIECIbHbIN BEKTOPHBIN [IEPEMHOXKUTEND
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hi(l) hiZ) h{3) R4y

RosthdumneHTsl gi)  —s 01 1 10 1
s(1) s(2) s(3) s5(4)
Curnan si)  —x 11 00 10 01
YactyHoe nponssenenne P1(n) —» 01 00 00 11 =100
YacTiuHoe npoussegenne P2(n)— + 01 00 10 0o =0n
011 000 100 011 =1010

Puc.2.36. [TpuHIun napajiielbHOTO BEKTOPHOTO TIEPEMHOKEHUS

[Mpunnun GopMUPOBAHUS YACTUIHOTO Mpou3BeacHus P1(n)
Ha puc.2.36, moka3zaH, CHUHMM I1BeTOM. byneBa ¢yHKIHSA
y =[s(Dh(1)]+[s(2)h(2)]+[s(3)N(3)]+[s(4)h(4)] s
dopmupoBanuss  P1(n) peamusyercs TaOmuIleli UCTUHHOCTH,
kotopasi xpanutcs B LUT. UnenTuunas tabiuia UCMONb3yeTcs U
st opmuposanus P2(n).

Huis 3aBepILICHUS (dbopmupoBaHUs YaCTUYHOTO
npousBeneHuss P2(N) pe3yabTaT HEOOXOAMMO CABHHYTH Ha OJUH
pa3psii BIEBO, YTO PAaBHOCWJIBHO YMHOXKEHHUIO Ha 2. DTO JIETKO
peann3oBaTh C TOMOIIBIO CABUTOBBIX peructpoB. J[lamee,
yacTu4Hble npousBeneHus P1(n) u P2(N) HeoOX0AUMO CIIOKHUTDH C
y4eToM BO3MOXKHOro mepenonHeHus. Ha puc.2.37 mnokasan
napajuleNbHBI  BEKTOPHBIM TMEPEMHOXKHUTEIh YETHIpEX ABYX
paspsaHbIX  curHanoB. Takum  oOpa3om, TpeOyroTcs  JIBe
UJCHTUYHBIE TAOMUIBl, JBOWYHBIA CIBUT BIIEBO U OIEpaIlus
CYMMHUPOBaHUS.

Ha puc.2.38 nokazana crpykrypa KMX-¢punsrpa 8 0TBO10B
8 OUT Ha pacmpeneNeHHONW apupMeTHKe ¢ HECUMMETPUIHBIMHU H C

CUMMETPUYHBIMU KodpunreHTamu, 00ecTeYnBaIOIIMH
TOYHOCTh BbIUMCIEHUN oT 8 no 19 OuT (MONHAas TOYHOCTH) B
OCHOBE KOTOPOHU JIEXKUT napajuleIbHbII BEKTOPHBIN
[IEPEMHOKUTEIIb.
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Tabmuma 2.3
dopMHUpOBaHUE YACTUYHOTO mpousseaeHuss P1(n)

0 |
0000 0 00 + 00 + 00 + 00 = 0000
0001 h(1) 00+ 00+ 00+01=0001
0010 h(2) 00+00+11+00=0011
0011 h(2) + h(1) 00+00+11+01=0100
0100 h(3) 00+ 10+ 00+ 00=0010
0101 h(3) + h(1) 00+ 10+ 00+01=0011
0110 h(3) + h(2) 00+ 10+ 11+00=0101
0111 h(3) + h(2) + h({1) 00+10+11+01=0110
1000 h(4) 11+ 00+ 00+ 00=001
1001 h(4) + h(1) 11+00+00+01=0100
1010 h(4) + h(2) 11+00+11+00=0110
1011 h(4) + h(2) + h(1) 1M+00+11+01=0111
1100 h(4) + h(3) 11 +10+ 00+ 00 = 0101
1101 h(4) + h(3) + h(1) 11+10+00+01=0110
1110 h(4) + h(3) + h(2) 11+10+ 11+ 00=1000
111 h{4) +h(3) + h(2)+ h(1}| 11 +10+11+01=1001

2 2 2 2

s(1) 5(2) 5(3) 5(4)

a1 % " d . |
T111
LUT LuT LUT LuT
Hex4LUTZ i16x4LUTT

P2 ><
YMHOKEHUE Ha 2
% .l?

Puc.2.37. [apannenbHbIi BEKTOPHBIA IEPEMHOKHUTENb YEThIPEX
2-X pa3psIHBIX CUTHAIOB Ha YEThIpe 2-X Pa3psaHbIE KOHCTAHTHI
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BxonHble maHHbBIE HA JUHUM 3aJ€PKKU MPEACTABICHBI C 8
OMTHOM TOYHOCTh MapajieNbHBIM KogoM. Jlns dQuubtpa c
CUMMETPUYHBIMU KO3 punmentamu Tpedyercss Ha BbIXOAAX JTUHUU
3alep’)KK 4  MapayieNibHBIX ~CyMMaTopa, KOTOpbIe CBOMMH
BBIXOJIaMU HEMOCPEJICTBEHHO ajapecyroT 4- BxomoBeie LUT. s
TOr0 4YTO OBl MEpernojJHeHHEe TapaHTUPOBAHO HE MPOU3OILIO
HEOOXOIUMBI 9-TU pa3psliHble CyMMAaTOphI, YTO OOECIEYUBACTCS
paclIMpeHreM 3HAKOBOI'O pa3psija Ha BXOoAaX. JTO MPHUBOJIUT K
yBenmuuennro uyucaa LUT ¢ 8 mo 9. B caywae duubrpa ¢
HECUMMETPUYHBIMU KO3 duurueHTamMmi, & OTBOJAOB JMHUH
3aJIepKKH YK€ aZpecyloT 16 Takux Tabmui (YUCIO aJpecHBIX
JNMHUH PaBHO YHCITy 2IEMEHTOB B BEeKTOpe pasmepHocThio K| T.e.
BMecTo wucrnonb3oBanus 8§ LUT ¢ BocbMbIO BXOAaMH MOXKHO
ucnonb3oBath 16 LUT ¢ 4eTbippMst BXOAAMH).

Yactuunble MIPOU3BEICHUS, MPEJICTaBIISIONIHE
KOMOMHAIIMIO CyMM  8-MH  paspsaHblX  Ko3((PUIHMEHTOB,
xpansmmecs B LUT mnpencraBiaensr ¢ 10 OMTHOW TOYHOCTH C
3amacoMm B 2 paspsga. llostomy, B cioydae ¢uibTpa C
HECUMMETPUYHBIMU KO3 dUIMeHTaMu  UIS  CYMMHPOBaHUI
3HaueHu# ¢ BeIxoA0B LUT wucmonb3yercs Bocemb 10 pa3psaHbIx
cymmaTtopoB. Ha Bxogax nocnenyromux 12, 14 u 19-tu pazpsaaasix
CyMMaTopoB TpeOyeTcs Koppekuus paspsaHoctu. Jns ¢unstpa c
CUMMETPUYHBIMU KO3 uurenTamu HeoOxoaumsl 12, 14, 18 u 19-
TU pa3psAHble CyMMaTOphl, C COOTBETCTBYIOIIECH KOppEKIued Ha
BXOJIaX, a /Ui moxydeHus 19-tu OUTHON TOYHOCTH TOTOTHUTENHEHO
TpeOyeTcss KOHBeWep W3 TpeX PErucCTpoB i CYMMHPOBAHHS
3HaYeHUN BBIX0oaa camoii muaameii LUT.

Jns  yckopeHus mpolecca pa3paboTKu  Ieecoo0pa3Ho
BOCTIOJNb30BaThCsl Meradynkuusmu. Ha puc. 2.39 mnpuseneHa
tecToBast cxema KUX-punbpTpa ¢ HCoap30BaHUEM MeETapyKHKIIUU

FIR Compiler CAIIP Quartus Il kommanuum Altera Ha
HOCJICI[OBaTCJIBHoﬁ n HapannenLHoﬁ paCHpCIleHeHHOﬁ
apupMeTHKe.
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Puc.2.38. Crpykrypa KUX-puibTpa 8 0TBOAOB 8 OUT Ha pacnpeielleHHON napaiesbHoi apudmeTke:
a) C HECUMMETPUYHBIMU K03 purimeHTamu; 0) ¢ CUMMETPUYHBIMU



TET

xg
8 + g B[8.0]
8 o

7
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mw=

Puc.2.38. Crpykrypa KUX-(hunsTpa 8 0TBOIOB 8 OUT Ha pacrpene’eHHON mapauieTbHOM
apudmeTuke: a) C HECCUMMETPUUHBIMH KO3 PUIieHTaMu; 0) ¢ CAMMETPUYHBIMU (TIPOIOJKEHUE)
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clk (" \NFC’:UCT

clk ast_source_dafa[8 0]
res [ T elen reset_n ast_sink_ready
X[3..0] > ‘N%%T ast_sink_data[3..0] ast_source_valid
vald [ S oten ast_sink_valid ast_source_errorf1..0]
source_ready [ s ast_source_ready
sink_errar[1_0] [ DT ast_sink_error[1..0]

OUTBUT — y[8.0]

QUTPUT — sink_ready
OUTPUT — source_valid
QUTPUT > source_error]1..0]

inst

MOCJIeIOBATENBHOM U apajlIeIbHON pacpeeieHHON apupMeTHKe

Ops TZDiDns 24DiD ns SED‘Dns 4EDiDns EDDiDns YZD‘Dns MD‘Dns EBDiDns T.Dﬁus T.%us 1 Sgus

Nan
B0 | ok U L A A A L A L U P A L
B = N
|2 | valid
|3 | source_ready
4 sink_emor 1]
7 | H« T V3T i
[D12 | sk ready EEEES NN 1 1 1
|T13 | (& source_emor (]
@1 source_valid 1 1 1 1 1 1
@17 | my 0 i a0 0 5

Puc.2.40. Bpemennsie quarpamMmbl padotel KUX-drbTpa ¢ nCnoib30BaHUEM MOCIIE0BATEIBHON

pacrpenenenHoi apupmeTrku Ha merapyukiuu FIR Compiler




€eT

Name

ck
res
valid
soUrce_ready
sink_gmor
X
sink_ready
SOUMCE_emor
source_valid
¥

Ops €00ns 1200ns 180.0ns 240.0ns 3000ns 360.0ns 4200ns 4800ns 5400ns 6000ns 6600ns 720.0ns 780.0ns 840.0ns 300.0ns 360.0ns ‘

]
]
]
(] )
0 ! ! /
SEEEE
m )

Puc.2.41. Bpemennsle nuarpammsl pabotsl KUX-(unbsTpa ¢ ncnonbp3zoBannem napauieabHOR

pacnpeneneHHoit apudpmerrku Ha Mmerapyakuun FIR Compiler



[Ipeanonoxum 9TO K02 puUIMeHTHI ¢bunpTpa
1IeJIOYUCIIEHHBIE CO 3HaKOM, M3BECTHBI U paBHbl C; =-2, C; =-1,

C, =7 u C;=6. Ha Bxon KHMX-¢puipTpa nocrynaror BXoAHbIe

otcuethl -5, 3, 1 u 0. [IpaBunbHbBIC 3HaUCHHS HA BbIXOJE PHIIbTpa:
10, -1, -40, -10, 26, 6 wm T.n., T.. commacHo dopmyie
y=CyX, + X + X, +CX; .

Ha puc. 2.40 u puc.2.41 nokazaHsl BpeMEHHBIC THArPaMMBbI
pabotel KUX-dunbrpa ¢ MCIonb30BaHUEM IOCIIEIOBATEIBLHON U
napasiebHON pacrpeieIeHHOM apu(METHKH. Ananus
3ajeiicTBoBaHHbIX pecypcoB IIJIMC cepum Stratix 1l mpu
peanuzauuun KUX-bunstpoB Ha 4 0TBOJa C HCHOIB30BAaHUEM
meradynknuu FIR Compiler mokasau B ta6:m.2.4.

AHanu3 Tab6n.2.4 mokas3plBaeT, 4TO NpPU 4YHCIE OTBOJOB
paBHBIM 4 CYIIECTBEHHOW Pa3HUIBI MEXAY MOCJIeI0BATEIbHON U
napajuienpHo  apudmMeruke Her, T.K. s GuiIbTpa Ha
nocleA0BaTeNbHON apudMeTUKU TpedyeTcs ellle U yIpaBISIOLIUil
aBTOMAT, KOTOPBIM MO YHCIy 3a/IeHCTBOBAaHHBIX TPUTTEPOB MOMKET
MEPEeKPhITh YHUCIO HUcmoib3yeMbix AJIM st BBIMOTHEHUS
KOMOWHAIIMOHHBIX (DYHKITHHA.

B CTPYKTYypE KUX-punprpa Ha napajuieJIbHON
pacrpefieieHHOW apu(METHKU HCIOJNb3yeTCsl  MapalliebHbIN
BEKTOPHBIN MIEPEMHOKUTENb.

Hecummerpuunocts  koapdunuentos KUX-¢punbrpa Ha
napajulebHOM  pacmpefeneHHOW — apudMETHKH  BeAeT K
yBenuueHuto yucna LUT.

OcHoBHBIM JocTOMHCTBOM KUX-punbrpoB Ha mapanienbHOU
pacrpeaeneHHOMl apugMeTHKu SIBIISICTCS MOBBIIIIEHHOE
OBICTpPOACHCTBHE TIPU BO3PACTAHUU YHCIA 3a/IEHCTBOBAHHBIX
pecypcoB. 3HAYMTEIBHO CHU3UTh YHCIO HCHonb3yembix LUT
MO3BOJIET MOCTIeI0BaTENbHAS pacpeieNieHHas apudmerrka.
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Tabmauma 2.4

Amnanu3 3aaeiicrBoBanHbIX pecypcoB IIJIMC cepun Stratix 11 mpu
peanmu3anuu KUX-hunbTpoB Ha 4 0TBOAA C UCIIOIB30BAHHEM
merapyuknuu FIR Compiler

Pecypcer IIJIMC
cepuu Stratix 11

ITocaenoBarenbHas
pacrpeneneHHas
apudMeTHKa

[TapannenpHas
pacnpezeseHHas
apupMeTHKa

1

2

3

Kom-so AJIM s
BBITOJTHEH S
KOMOMHAIIMOHHBIX

byHKIUN

74

87

Kon-Bo AJIM c
IIaMATBHO

AJIM

79

79

Koi-Bo BBIIEIEHHBIX
pPErucTpOB

136

134

AnmnaparHble
EPEMHOKHUTEIU

Kom-Bo AJIM s
BBITIOJTHEHUS
KOMOWHAIIMOHHBIX
byHKITII oe3
HCIIOJIL30BaHUS
pPETUCTPOB

13

17

Kom-s0o AJIM n1non
peTrUCTEpHEIE

pecypchl

71

60

Kon-Bo AJIM non
KOMOWHAIIMOHHBIE W
pETHCTEpHBIE

pecypchl

65

74

Paboyass 4acrora B
HauXy/AIIeM Cciydae,
MI'1t

400

400
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2.4. lIpoextupopanue KUX-duibTpa ¢ HCHOJIb30BAHHEM

YMHOKUTEJA HA METOA€C MPABOro CABUTra U CJI0KCHUA

Paccmorpum  ypaBrenne KUX-pummbtpa (HepeKypcHBHOTO
mudpoBoro  GuIbTpa €  KOHEYHO-MMITYJIBCHOH  XapaKTEPUCTHUKOMN)
KOTOpOE MPEJCTABIISICTCS KaK apupMeTHIeCKas CyMMa IPOU3BEICHHI:

K-1
Y= 0%, (2.16)
k=0

rae Y — OTKIHMK Henu; X, — K —as BxoqHas nepeMeHHas; C, — BECOBOM

ko3(ppuimenT K —of BXOXHOW IIEpEMEHHOM, KOTOPBIA SBISETCS
OCTOSIHHBIM 115t Beex N ; K -4mcno otBomoB duibTpa.
Ha puc.2.42 nokazana tecroBas cxema KUX-punbtpa Ha 4

orBoma Y =Cy X, + C;X, + C,X, + C;x; B CAIIP IIJIMC Quartus 1l st

peanuzanuu B 6asuce IIJIMC cepun Cyclone Il cocrosimiast w3 nuHuH
3a7iepKKH, 4-X YMHOXHTENEH W JepeBa MHOTOPa3psSAHBIX CyMMAaTOPOB.
[Mpeamonoxxum uto KodpduuueHTH (QUIBTPa IENOYUCIECHHBIE CO
3HaKoM, u3BecTHsl U pausl Cy =-2, C;=-1, C, =7 u C, =6.

Uucna (BXOAHBIE OTCUETHI) IOCTYMAIOT C BBIXOJOB JIUHUU
3afiepyKKM Ha perumctpax reg_tap ma sxozer data_in[3..0] meradhyukmmun

ALTMEMMULT. Kosrcrauter C,,C;,C, u C, B KOTOpBIX XpaHsTCs

3HaYeHHUs KO3 (QUIIMEHTOB B jaonojHuTelbHOM Koze (14D, 15D, 7D u
6D) moakirouens! k Bxomgam Coeff_in[3..0]. B xaxmoii u3 4 MmeradpyHKImit
ALTMEMMULT B Onounoti mamsaru [IJIMC tuna M9K xpanstcs
HyJleBble Kod(duimentsl (MoryT OBITh M HE HYJIEBBIMH). Pexxum
3arpy3Kd € BHEIIHETr0 MOPTa MU W3 OJOYHON MamsiTH OmpeaessieTcs
omueit create ports to allow loading coefficients. JlarentHoCTB
MeraQyHKIMH 2 TakTa CHHXpoCurHaia. CMomenupyeM MNpOXOXKICHHE
JensTa (YHKUMU 1O CTPyKType ¢umibTpa. s 3Toro Ha BXOHA JUHHUU
3amepxkku  Quiubrpa XO0[3..0] B JOMOIHUTENEHOM KOJIe TOJAJNM
enuHUYHBId uMnynsc Jor.l. Ha Beixome dumetpa Mem_mult[7..0]
BUAUM  Ko3pduuueHTsl (QuibTpa (MMIYJIBCHYIO XapaKTEPHUCTHKY)
(puc.2.43).

Ilopanum nHa Bxog KUX-dunsrpa BXoaHble oTcueTs! -5, 3, 1 u 0
(puc.2.44). IlpaBunbHble 3Ha4eHUs Ha BeixoAe ¢unbTpa: 10, -1, -40, -10,
25, 6 u t.1., T.e. cornacHo Gopmyne (1).
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LET

req tap
o]
[3.0]
clock a0
enable &
. |m

req tap
DFH e
= 3..0] 23
- . a3
clock :
enable &
il
reg tap
oFF]
[3..0]
clock a1
enable &
i
instTd |

mult

o » _in3..0] Tesut(7. 01
oeff_in[2..0] load_done
sioad_coeft
scir
data_in=signed| add
clock coefficient=sign .
Total Latencs o dataa[7 0]
nat
databl7_0
mult
» _in[3..0] result[7_0]
oefi_in[3..0] Ioad_done
sload_coeff
o sclr i
data_in
clock cogfficient=signed|
Total Latenc:
mult
x2[2.0
s » _in[3..0] result[7..0]
oefi_in[3..0] Ioad_done
sload_coeff
scir
clock
mult
o _in[3.0] resulf7.0]
ras oeff_in[2..0] load_done
H sioad_coeft
= scir
data_in=s
clock coeffic
Total Latencs

dataa[T_0]

add

datab[T_0]

Puc.2.42. KUX-¢punpetp Ha 4 oTBONIA C Hcnionb3oBaHueM Merapynkuuu ALTMEMMULT
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Q& U7 G 07 6E b

[P

N Vaieat Ops 1SU‘IUns 3ZU“Uns WU“UHS SW“UHS EUU“UHS EEU“Uns 1.1IZus LZ‘BUS 1‘4‘4\45 Lé‘us 1‘7‘6\.45 1‘9‘1\45 Z‘U‘Eus Z‘Z‘4us Z"us Z.5§us Z‘T‘Zus Z‘E‘Eus lU“Ns lZ‘us 3‘3‘5\15 3‘5‘2\45 lé?us 3‘8‘4\15 40
res B1 1
a  m U AU U U U UL U U U U U U AU U UL
oad 80 n n il il
X0 51 1 o
ena 50 ﬂ ﬂ ’_l ﬂ
Mem_mult 50 0 2 1 7 5 0
P 1 1 ImEE IEE InEm
resmultt 50 0 2 o
resmitz 50 ] 1 0
res_mult3 S0 0 7 0
res_mult4 50 0 ] 0
Puc.2.43. Pe3ynbrar MoenupoBaHUS MPOXOXKICHUS aHAIOTA JeNIbTa-()yHKITUU
o ctpykrype KU X-dpunbstpa Ha 4 orBona
\ Vake at I:ps ZEEI."] s 320.0ns 4&]."] s E-l(hlﬂ ns SD].‘] s %[I‘I‘]rs 1.1‘115 LZIE..S 1.4‘lus LEI s * us l“JIZus 25? us E‘Ifus 2.4‘.‘5 Z‘SIE us 2.7‘115 2.88us ].']?\.E 3 Z‘US ].3‘(' us E‘Sllus 3.68us E‘B?us
Ops
L s BL 1
L & U il i U MUY UL il U
L oed n I N 1
% > 55 { = 4 3 X 1 b 0
Lo emm S0 ﬂ ﬂ |-| ’-l
B 5 Mennat S0 { 0 &N El Y = ¢ o ¥ =
S ome 51 D I I RN IR
res_mity 50 { 0 (Y 5 ) 2 Y [
s { 0 ¥ 5 X 3 H i 9
{ 0 X 5 ¥ 1 X 7
res mdts S0 { 0 { El )| 18

Puc.2.44. Bpemennsie nuarpamMmmbl padotel KUX-¢uibtpa Ha 4 0TBOA IPU MOCTYIUIEHUN

BXOJIHBIX 0TUeTOB -5, 3, 1 u 0. Pesynwrat: 10, -1, -40, -10, 25



6ET

Parameter Value
LPM_AVALUE
LPM_FFTYPE
LPM_SWVALUE
LPM_WIDTH E
LPM_FF
+% data]] X1[4
*
enz all sl
enable
aclr
instl
Parameter Value
LPM_AVALUE
LPM_FFTYPE
LPM_SWVALUE
LPM_WIDTH 5
LPM_FF
X1[4.0 .
datan H2[4.
G
end al *
enable
aclr
insi2.

Puc.2.45. Jlunus 3anepxku KUX-bunbrpa Ha 4 0TBOAA HA YMHOKUTENSAX C UCTIOJIb30BAaHUEM
METO/Ia MPABOTO C/IBUTA U CIIOKEHUS

e

Parameter Value
LPM_AVALUE
LPM_FFTYPE
LPM_SWALUE
LPM_WIDTH 5
LPM_FF
& gt
R stal x2{4.0]
= all #
enable
aclr
insts ‘
Parameter Value
LPW_AVALUE
LPW_FFTYPE
LPM_SVALUE
LPM_WIDTH 5
LPM_FF
01 dat
b o ata]] X4[4.0
= all *
enable
aclr
insis. |




or1

lconst_0

mac_scal_acc

const_1

AA[4.0]

res

clk

load_PSC

X[4..0]

resul[9..0]

nstis

Hnac_scal acc O

const_2

mac_scal_acc

constant_3
B

AA[4.0]

res

clk

load_PSC

X[4..0]

resul[9..0]

n=TTT

mac_scal_acc

nstd

Ad4.0] resul[9..0]
res
B clk O
load_PSC
X[4..0]
R ul In
add_sub

AAL4.0]

ol
=

res

b

clk

YaTE.0]

lpad_PSC

¥

add_sub

X[4..0]

resul[9..0]

inst18

Puc.2.46. YMuoxutenu u nepeBo cymmaropos KUX-dunerpa Ha 4 0TBOAA



i

2 lpm_shiftreq0 shift LSB fifs
Taht ShiT ok [ rghi=nid ) pl4..OLLSB{4.0] 57
Inad : ohi clock .01 LEE[.] »* data[g 0]
data[5..0] shiftout enable ks b clock 9.0] L
al5.0] shitin & enable E hd
clock nst2 ‘m nstt
enable =
g x—‘
ffs
TFF]
lpm_add_sub0 data[s..0] - =u
_add_: <
clock alE. 1]
L
I
a
complementer = ‘

DI4.0]  QD[4.0] — =

subladd

mux21

result
=

Puc.2.47. JlopaboTanHasi cxema yMHOXHUTENS ¢ yueToM pabotsl B coctae KUX-punbrpa
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Puc.2.48. Bpemennsle iuarpaMMbl paObOThI KI/IX-@I/IHLTpa Ha 4 0TBOJIa HA YMHOXHTEISX C

HCIIOJIb30BAHUEM METO/J A MPaBOro CABUTa U CIO0KCHUA TPHU NOCTYINICHUH BXOJHBIX OTUCTOB -5, 3, 1n

0. Pesymprar: 10, -1, -40, -10, 25, 6



Paccmorpum KM X-dpunbsTpa Ha 4 0TBOJIa HA YMHOKHUTEISAX
(MAC-0610Kax) ¢ HCIOJB30BAaHMEM METOAA IPABOrO CABHra M
cinoxeHus. JIOMONHUTENbHYIO HHGPOPMAIUMI0O O MPUMEHIEMOM
MAC-6510ke MOXHO TMOTY4YUTh B ri1aBa 1, pasaen 1.4. Ha puc.2.45
MOKa3aHa JIMHUSA 3aJIepKKU Ha JBYXTAaKTHBIX TpUITEpax C
ucrnonb3zoBanueMm Merapyakuuu LPM_FF. Ha puc.2.46 nmoka3zaHsl
yMHOXHTend  (mac_scal_acC) ¢ KoHcTaHTaMH W JIEPEBO
CyMMaTopoB, a Ha puc.2.47 nopaboTaHHas cXxemMa YMHOXHUTEIs C
yaeroM paboTel B coctaBe KNUX-punprpa. Moauduxamus MAC-
OJloKax ToKa3aHa KpacHbIM IBeToM. Ha puc.2.48 mokaszaHbl
BpeMeHHble guarpammbl  pabotel KUX-dunetpa. Tpebyembie
3HaueHusi Ha Bbixoge ¢uubtpa 10, -1, -40, -10, 25, 6 moka3zaHbI
KPacCHBIM I[BETOM.

Tabmauua 2.5
KUX-punbTp Ha 4 oTBOJIa peasin3oBaHHbIi B 6a3uce [TJIMC
EP2C5F256C6, Bpemennas mozeias Slow-model

Texuuueckue | Pazpaboran- IIporpaMmHbIi IIporpaMMHBIii
XapaKTepuc- HBIIE MAC- YMHOXUTENb HA YMHOXHTEIb HA
TUKH 650k MeTapyHKIH MerapyHKIUN
ALTMEMMULT. | ALTMEMMULT.
Koaddurments Koadduruents
3arpyKaroTcsi u3 3arpy»karoTcs u3
BHEIIIHETO MOPTA, aMATH
Ml (YMHOXUTETb Ha
KOHCTaHTYy), MI'1|
YacToTa B 240 210 260
HauXyAleM
ciydae, Fmax

B T1abn.2.5 mnpuBeneHbl TEXHUYECKHUE XapaKTEPUCTHKHU

KUX-punptpoB Ha 4 oTBOma peanu3oBaHHBIX B Oazuce [IJIMC
EP2C5F256C6 (4608 normueckmx »smemeHToB, 119808 Our

BCTPOEHHOM maMsTH, 26 anmapaTHbIX YMHOXuTened 9X9) c
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ucrnonb3oBaHueM paszpadoranHoro MAC-0610ka W IporpaMMHBIX
ymHoxutened Ha meragpynkiiun ALTMEMMULT.

Cmena panHbix Ha Bbixone KHUX-punptpa B ciydae
ucnons3oBanuss MAC-Onoka B KauecTBE YMHOXUTEIS U
ymHOXuTenss Ha wmerapynkmuu ALTMEMMULT B cioywae
3arpy3ku KO3 (GUIMEHTOB U3 BHEIIHErO MOPTa MPUOIH3UTEIBHO
omunHakoBas (22 MAC wu 21 ALTMEMMULT Takta
cuaxpoummynbca). Merapyakinus ALTMULT_ADD Ttak ke
MO3BOJIAET MOCTpouTh napaiiensubiii KUX-¢unsTp Ha 4 0oTBOJA 32
cyer UCIOJIb30BAHUS BCTPOEHHBIX 4 anmnapaTHbIX
MePEMHOKHTENICH pa3MEpHOCThIO orepaHaoB 18x18. Pabouas
yacToTa B Haumxymmem ciaydae st IIJIMC cepum Stratix |l
coctaBuia 400 MI'm.

[ToBbicuTs  mpoumsBoautenbHOCTh  KUX-pumprpa ¢
UCIIOJIb30BaHHUEM MPOTPAMMHOIO YMHOXHUTENsE Ha MeradyHKIUU
ALTMEMMULT no3Bonser BapuaHT 3arpy3ku Ko3(QQHUIIMEHTOB
u3 6nouynoit nmamsatu [JINC (260 MTI'1).

IIpencraBnennsiii B riase 1, pazgen 1.4 MAC-6mok c
UCIIONIb30BaHUEM METOJla TPABOTO CABUTA U CIOXKEHHS MOXKET
OBITH HCIIOJIb30BaH TUIS MPOEKTUPOBAHUS
BBICOKOIIPOU3BOJUTENbHBIX U KOMIAKTHBIX ~ KUX-dunbsrpon
HeOobIIoN pa3zpsaHocTu. [Ipu 3ToM Ha ero peanuzanuio B 6a3uce
[UIMC mnotpelyroTcss HE3HAYUTENbHBIE JIOTUYECKHUE PECYPChI
(menee 1 %), PKOHOMS TIpH ATOM ammapaTHbIe W MPOTPaMMHBIE
ymHoxkutenu. Hemocratkom Takoro MAC-6noka — sBisieTcs
TPYAOEMKOCTh €ro pa3pabOTKH, U HAIMYHE CBOETO MHTepdeiica B
OTNIMYME OT YHU(DUIMPOBAHHBIX HHTEPQEHCOB MeradyHKIIUN
ALTMEMMULT 4ro MoXeT oOKka3aTbCsi HEYAOOHBIM B
HCIIOJIb30BaHUU.
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2.5. IIpoexTupoBanue kBaHToBaHHBbIX KUX-puiabTpoB

PaccmoTpum n1Ba BapmaHTa u3BiIedeHus koaa s3bika VHDL
u3 Mojenei pacimpenus Simulink (cpena MoaeTUpOBaHKS CHCTEM
HEMPEePHIBHOIO ©  JIUCKPETHOr0 BpeMeHu) cuctembl Matlab
(CyIIeCTBYeT ellle BapUaHT M3BJICUCHHS KOJa HEMOCPEICTBEHHO M3
anmroputMoB Matlab). IlepBeiii BapuaHT wu3BJICUYEHHS KOjaa U3
OMUCAHUS  CTPYKTYpbl  (uiabTpa  0a30BBIMH  DIIEMEHTaMHU
pactmpenust Simulink. Bropoii BapuaHT W3 OIMUCAHHS CTPYKTYPHI
¢bubTpa ¢ momoipo s3eika M-daiizos Simulink.

Ha puc.2.49 nokazaHa UMUTallMOHHAs MOJENb (BEPXHUM
ypoBeHb Hepapxuun) cummeTpuuHoro KNUX-¢uastpa Ha 8 0TBOI0B
B3dTas U3 JaeMoHcTparuonHoro mpumepa Simulink HDL Coder
Examples Symmetric FIR Filters. Ha Bxox ¢uisTpa mocrymaer
CUTHAJ 3anryMieHHbIi mrymom (2001 otcuer):

X_in = cos(2.*pi.*(0:0.001:2).*(1+(0:0.001:2).*75)).".

double sfocl @ _Eni0
:D.DD'I:Z]I Convert — x_in

From Data Type Conversion

Workspace

Horksp <f35_En20
18 Enl0 yeut

-0.1339 i h_in1

y_out

Constant

sfc1€_En10
00838 B h_In2

Constant1

sfoc1_En10
0.2026 »ih_in3

=fe18_En10
delayed_x_out
Constant2

sfix1§_En10
0.4064 o h_Ind

Constant3

delayed_x =scope_out

symm etrc_fir

Puc.2.49. Umutanmonnas monens cumMmerpuunoro KUX-punstpa
Ha 8 0TBOJOB. BepxHMi1 ypOBEHb HEpapXUU
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[Ipenmonoxum, uro Ko3h ULKUEHTH (UIbTPAa U3BECTHBI U
XpaHarcs B (yHKIIMOHAJIbHBIX Ojokax Constant ¢ o1HOMMEHHBIMU
nMemamu  Constant —  Constant3. BreIxogHble — CUTHAJIBI
npencTaBisitorcss B Gopmare ¢ (UKCHUPOBAHHOW — 3amAToi
fixdt(1,16,10): hl = -0.1339; h2 = -0.0838; h3 = 0.2026; h4 =
0.4064. TlpeoOpa3oBbIBaTh 3HauUeHUsA W3 (opMara C IJIaBaOIICH
3anaroii B Qopmar ¢ (GUKCHUPOBAHHOM 3amsTOM MO3BOJIAIOT
“aBTOMAaTHU3MPOBAHHBIC MacTepa” BCTPOCHHBIC B ()YHKIIMOHAIHHBIC
omoku (puc.2.50).

Koaddurmentsr ¢dbunpTpa MOABEPTarOTCS
MacIITa0OMPOBAaHUIO  MyTEeM YMHOXKEHHS Ha  MacITaOHBII
MHOXHUTENb 1024 B COOTBETCTBUU ¢ BbIOpaHHBIM dopmaroM 16.10
U mocieayromemMy okpyrieHuto (Hampumep, h1*1024= -137,1136
OKpyrasiercss g0 uemoro 3Hadenuss -137D wim  ff77 B
JOTIOTHUTEIFHOM KOJI€ MpH JUIMHE MAIluHHOTO cioBa 16 Out). B
[IECTHAIIATEPUYHON CUCTEME CUHUCIICHHUs C y4ETOM 3HaKa 4ucia
OHU OyIyT BBITJIAACTH cieayronmm oopasom: ff77, ffaa, 00cf, 01a0.
[Ipu »sTOoM cremyer TOMHHTH, 4YTO (¢GoOpMaT KBAaHTOBAHUS
kodp¢punuentoB KUX-dunpTpa BIMsAET HA €ro 4YacTOTHBIE U
BPEMEHHBIE XaPaKTEPUCTUKH.

3HaueHusT BXOJHOTO CHUTHaNa, KOTOPBIA HEOOXOIUMO
npoUIbTPOBaTh, H3MEHSIOTCS MO amIumrtyne ot -1 go +1.
[Toatomy, Oyayun  mpencTaBieHHbIMH B (opmare ¢
(buKcupoBaHHOHN 3amsATOW MX HeoOXoAMMO pas3aenuTh Ha 1024.
Hanpumep, HavyanpHble 3HAYEHUS CUTHAJA BBITJISAST CIEAYIOUTUM
obpazom: 0400, 03ff, 03ff, 03ff, 03ff, 03ff, 03fe wiu moxencHubIC
Ha 1024: 1, 0.9990234375 u 1.1.

OynknuonaneHbiii  Omok  Data Tupe  Conversion
ocyliecTBiseT mpeodpasopanue Gpopmara double B fixdt(1,16,10).

Paccmotpum umutanmonnyro mozaens KUX-puibtpa Ha
puc.2.49. Tlocne 3amycka MOJEIM Ha BXOJHBIM CHTHAJIOM X_in,
Kodd¢unmenTaM (GUIBTPa W BBIXOJAHBIMU CUTHalaMu Y OUl U
delayed_x_scope_out (BbIxoJ JMHHM 3aJCPKKH) YKa3bIBACTCS
UCTIONIBb3YEeMBIH (popmar.
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i Y
Source Block Parameters: Constantl M

Constant

Output the constant specified by the 'Constant value' parameter. If
‘Constant value' is a vector and 'Interpret vector parameters as 1-D' is on,

treat the constant value as a 1-D array. Otherwise, output a matrix with the
same dimensions as the constant value.

Main | Signal Attributes

Constant value:

-0.0838
Interpret vector parameters as 1-D

Sampling mode: | Sample based

Sample time:

1
J- oK ] [ Cancel ] [ Help ] Apply
L
a)
r Source Block Parameters: Constantl M-‘

Constant

Output the constant specified by the 'Constant value' parameter. If
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is on,

treat the constant value as a 1-D array. Otherwise, output a matrix with the
same dimensions as the constant value.

- Signal Attributes

Output minimum: OQutput maximum:

0 0

Output data type: fixdt(1,16,10) -
[7] Lock output data type setting against changes by the fixed-point tools

s.) [ 0K ][ Cancel H Help ] Apply

6)

Puc.2.50. Hactpoiika ¢pynkumnonansHoro 61oka Constant ¢ umenem
Constant1: a) 3amaetcs BemecTBeHHOE yncio -0.083 sBustomeecs
OJTHUM M3 KO3 puumeHToM GpuibTpa 3akinaaka Main; 6) BEIXOIHOM
dopmar npezacrasienus storo uucia fixdt(1,16,10) (3aknanka

Signal Attributes)
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[lpu wucnonb3oBaHuKu apuPMETHKH C  (HUKCHPOBAHHOMN
3aISITOM  OMEpaliy CIIOKCHUSI HE MPHBOAAT K HEOOXOIMMOCTH
OKpYIJICHHSI ~ pe3ylbTaTOB — OHH MOTYT JIMIIb BbI3BATh
HepernoiHeHne  pa3psAaHoi  ceTkd. [lodToMy  BBIXOIOBI €
npecymmaropoB  Add-Add3  mpexacraBmstorcs B (hopmate
sfixl7_Enl0 mis ydera nepenoiHeHus. BbIXoapl ¢ yMHOXKHTEIEH
Product —Product 3 npezacrasisrores B popmare sfix33_En20, T.x.
YMHOXEHHE 4YHcel ¢ (GUKCHUPOBAHHOW 3alATOH MPHUBOIAUT K
YBEIMYCHUIO YUCIIa 3HAYanMX nudp pe3ysibTara Mo CPAaBHEHHUIO C
COMHOXKUTEIISIMH KOTOpBIE B TaHHOM city4dae 16 u 17-Tu pa3psaHbie
U CIIe/IOBAaTENIbHO, K HEOOXOAMMOCTH OKpYyIJIeHHs. BBIXOabl €
cymmatopoB Add5-Add6 mepBoro ypoBHsS JepeBa CyMMAaTOpOB
npejactaBisiiores B popmate Sfix34_En20 a BTOpOro ypoBHS -
sfix35_En20. CrenoBarenbHo, pe3yiabTaT (QUIbTpaluu (CHrHAI
y_out) npeacrasasiercs B popmare sfix35_En20 (puc.2.51).

(2
delayed_x_out
1 [ Tl [
ol z be1g ¢ z x16 En10 z bl z
Unit Deley? Unit Delay® Unit Delsy5 Unit Delay:
S [ e [ e N ik [ e
Unit Delay1 Unit Delay Unit Deley2 Unit Delay

y_out

Puc.2.51. Umutannonnas moaens cummerpuynoro KUX-dunstpa
Ha 8 OTBOJIOB ¢ yKa3aHueM (opmara curaanaoB. HikHuil ypoBeHb
uepapxuu. CTpykTypa GuiabTpa B 3J1€MEHTaX CHCTEMbI
Matlab/Simulink
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Manee, ¢ momomipio npuiaoxenus Simulink HDL Coder
cucremsl Matlab/Simulink u3BiedeM B aBTOMATHYECKOM pPEKHME
kop si3pika VHDL KU X-dunbtpa (mpumep 1). 3amyck npuioKeHus
ocymectBasiercs u3 wmeHio Code/HDL Code/Generate HDL.
[MpeasaputensHo ¢ momomeio MeHio Code/HDL Code/Option
HEOOXOJMMO 3aKa3aTh OINPEICIICHHBIC OIIMA W OCYIIECTBHUThH
HaCTPOMKH.

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL;
USE IEEE.numeric_std.ALL;
ENTITY symmetric_fir IS

PORT( clk : IN std_logic;

reset : IN std_logic;

clk_enable - IN std_logic;

X_in : IN std _logic_vector(15 DOWNTO 0); -
- sfix16_Enl10

h_inl - IN std_logic_vector(15 DOWNTO 0); -
- sfix16_Enl10

h_In2 - IN std _logic_vector(15 DOWNTO 0); -
- sfix16_Enl10

h_In3 : IN std _logic_vector(15 DOWNTO 0); -
- sfix16_Enl10

h_In4 - IN std _logic_vector(15 DOWNTO 0); -
- sfix16_Enl10

ce_out : OUT std_logic;

y_out © OUT std_logic_vector(34 DOWNTO 0);
-- sfix35_En20

delayed_x_out : OUT std_logic_vector(15
DOWNTO 0) --sfix16_En10

);

END symmetric_fir;
ARCHITECTURE rtl OF symmetric_fir IS

-- Signals

SIGNAL enb - std_logic;

SIGNAL x_in_signed - signed(15 DOWNTO 0); --
sfix16_Enl0
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SIGNAL Unit_Delayl outl
sfix16_En10

SIGNAL Unit_Delay outl
sfix16_En10

SIGNAL Unit_Delay2 outl
sfix16_En10

SIGNAL Unit_Delay3 outl
sfix16_En10

SIGNAL Unit_Delay4 outl
sfix16_Enl0

SIGNAL Unit_Delay5 outl
sfix16_Enl0

SIGNAL Unit_Delay6 outl
sfix16_Enl0

SIGNAL Unit_Delay7_outl
sfix16_Enl0

SIGNAL Add_add_cast
sfix17_Enl0

SIGNAL Add_add cast 1
sfix17_Enl0

SIGNAL Add_outl
sfix17_Enl0

SIGNAL Addl_add_cast
sfix17_Enl0

SIGNAL Addl add cast 1
sfix17_Enl0

SIGNAL Addl_outl
sfix17_Enl0

SIGNAL Add2_add_cast
sfix17_Enl0

SIGNAL Add2_add_cast_1
sfix17_Enl0

SIGNAL Add2_outl
sfix17_Enl0

SIGNAL Add3 add_cast
sfix17_Enl0

SIGNAL Add3_add_cast_1
sfix17_Enl0

- signed(15 DOWNTO 0); --
- signed(15 DOWNTO 0); --

- signed(15 DOWNTO 0);

- signed(15 DOWNTO 0);

- signed(15 DOWNTO 0);

- signed(15 DOWNTO 0);

- signed(15 DOWNTO 0);

- signed(15 DOWNTO 0);
- signed(16 DOWNTO 0); --
- signed(16 DOWNTO 0); --
- signed(16 DOWNTO 0); --
- signed(16 DOWNTO 0); --
- signed(16 DOWNTO 0); --
- signed(16 DOWNTO 0); --
- signed(16 DOWNTO 0); --
- signed(16 DOWNTO 0); --
- signed(16 DOWNTO 0); --
- signed(16 DOWNTO 0); --

- signed(16 DOWNTO 0); --
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SIGNAL Add3_outl
sfix17_En10

SIGNAL h_inl_signed
sfix16_En10

SIGNAL Product_outl
sfix33_En20

SIGNAL h_In2_signed
sfix16_En10

SIGNAL Productl outl
sfix33_En20

SIGNAL Add5_add_cast
sfix34_En20

SIGNAL Add5_add_cast 1
sfix34_En20

SIGNAL Add5_outl
sfix34_En20

SIGNAL h_In3_signed
sfix16_Enl0

SIGNAL Product2_outl
sfix33_En20

SIGNAL h_In4 _signed
sfix16_Enl0

SIGNAL Product3_outl
sfix33_En20

SIGNAL Add6_add_cast
sfix34_En20

SIGNAL Add6_add_cast 1
sfix34_En20

SIGNAL Add6_outl
sfix34_En20

SIGNAL Add4_add_cast
sfix35_En20

SIGNAL Add4 add_cast_1
sfix35_En20

SIGNAL Add4_outl
sfix35_En20
BEGIN

x_in_signed <= signed(x_in);

- signed(16 DOWNTO 0); --
- signed(15 DOWNTO 0); --
- signed(32 DOWNTO 0); --
- signed(15 DOWNTO 0); --

- signed(32 DOWNTO 0); --

- signed(33 DOWNTO 0);

- signed(33 DOWNTO 0); --
- signed(33 DOWNTO 0); --
- signed(15 DOWNTO 0); --
- signed(32 DOWNTO 0); --
- signed(15 DOWNTO 0); --
- signed(32 DOWNTO 0); --
- signed(33 DOWNTO 0); --
- signed(33 DOWNTO 0); --
- signed(33 DOWNTO 0); --
- signed(34 DOWNTO 0); --
- signed(34 DOWNTO 0); --

- signed(34 DOWNTO 0); --
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enb <= clk_enable;
-- <S1>/Unit Delayl
Unit_Delayl process : PROCESS (clk, reset)
BEGIN
IF reset = '1' THEN
Unit_Delayl outl <=to_signed(0, 16);
ELSIF clkEVENT AND clk ='1' THEN
IF enb ="1' THEN
Unit_Delayl outl <= x_in_signed;
END IF;
END IF;
END PROCESS Unit_Delayl_process;
-- <S1>/Unit Delay
Unit_Delay process : PROCESS (clk, reset)
BEGIN
IF reset = '1' THEN
Unit_Delay outl <= to_signed(0, 16);
ELSIF clkEVENT AND clk ='1' THEN
IF enb ="1' THEN
Unit_Delay outl <= Unit_Delayl outl;
END IF;
END IF;
END PROCESS Unit_Delay_process;
-- <S1>/Unit Delay2
Unit_Delay2 process : PROCESS (clk, reset)
BEGIN
IF reset = '1' THEN
Unit_Delay2_outl <= to_signed(0, 16);
ELSIF clkEVENT AND clk ='1' THEN
IF enb ="1' THEN
Unit_Delay2_outl <= Unit_Delay_out1,
END IF;
END IF;
END PROCESS Unit_Delay2_process;
-- <S1>/Unit Delay3
Unit_Delay3_process : PROCESS (clk, reset)
BEGIN
IF reset = '1' THEN
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Unit_Delay3 outl <=to_signed(0, 16);
ELSIF clkEVENT AND clk ='1' THEN
IF enb ="1' THEN
Unit_Delay3_outl <= Unit_Delay2 outl;
END IF;
END IF;
END PROCESS Unit_Delay3_process;
-- <S1>/Unit Delay4
Unit_Delay4 process : PROCESS (clk, reset)
BEGIN
IF reset = '1' THEN
Unit_Delay4 outl <=to_signed(0, 16);
ELSIF clkEVENT AND clk ='1' THEN
IF enb ="1' THEN
Unit_Delay4 outl <= Unit_Delay3 outl;
END IF;
END IF;
END PROCESS Unit_Delay4 process;
-- <S1>/Unit Delay5
Unit_Delay5_process : PROCESS (clk, reset)
BEGIN
IF reset = '1' THEN
Unit_Delay5 outl <=to_signed(0, 16);
ELSIF clkEVENT AND clk ='1' THEN
IF enb ="1' THEN
Unit_Delay5_outl <= Unit_Delay4 outl;
END IF;
END IF;
END PROCESS Unit_Delay5_process;
-- <S1>/Unit Delay6
Unit_Delay6_process : PROCESS (clk, reset)
BEGIN
IF reset = '1' THEN
Unit_Delay6_outl <= to_signed(0, 16);
ELSIF clkEVENT AND clk ='1' THEN
IF enb ="1' THEN
Unit_Delay6_outl <= Unit_Delay5_outl;
END IF;
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END IF;
END PROCESS Unit_Delay6_process;
-- <S1>/Unit Delay7
Unit_Delay7_process : PROCESS (clk, reset)
BEGIN
IF reset = '1' THEN
Unit_Delay7_outl <=to_signed(0, 16);
ELSIF clkEVENT AND clk ='1' THEN
IF enb ="1' THEN
Unit_Delay7_outl <= Unit_Delay6 outl;
END IF;
END IF;
END PROCESS Unit_Delay7_process;
-- <S1>/Add
Add_add_cast <= resize(Unit_Delay7 outl, 17);
Add_add_cast 1 <= resize(Unit_Delayl outl, 17);
Add_outl <= Add_add_cast + Add_add_cast_1;
-- <S1>/Add1
Addl add cast <= resize(Unit_Delay6_outl, 17);
Addl add cast_1 <= resize(Unit_Delay outl, 17);
Addl outl <= Addl_add_cast + Addl_add cast 1;
-- <S1>/Add2
Add2_add_cast <= resize(Unit_Delay5 outl, 17);
Add2_add cast_1 <= resize(Unit_Delay2_outl, 17);
Add2_outl <= Add2_add_cast + Add2_add_cast 1;
-- <S1>/Add3
Add3_add_cast <= resize(Unit_Delay4 outl, 17);
Add3_add_cast_1 <= resize(Unit_Delay3 outl, 17);
Add3 outl <= Add3_add_cast + Add3_add_cast_1;
h_in1_signed <= signed(h_in1);
-- <S1>/Product
Product_outl <= Add_outl * h_in1_signed,;
h_In2_signed <= signed(h_In2);
-- <S1>/Productl
Productl outl <= Addl outl * h_In2_signed;
-- <S1>/Add5
Add5_add_cast <= resize(Product_out1, 34);
Add5_add_cast_1 <= resize(Productl_outl, 34);
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Add5 _outl <= Add5_add_cast + Add5_add_cast 1;

h_In3_signed <= signed(h_In3);

-- <S1>/Product2

Product2_outl <= Add2_outl * h_In3_signed:;

h_In4_signed <= signed(h_In4);

-- <S1>/Product3

Product3_outl <= Add3 outl * h_In4_signed:;

-- <S1>/Add6

Add6_add_cast <= resize(Product2_outl, 34);

Add6_add cast_1 <= resize(Product3_outl, 34);

Add6_outl <= Add6_add_cast + Add6_add_cast 1;

-- <S1>/Add4

Add4_add cast <= resize(Add5_outl, 35);

Add4_add _cast_1 <= resize(Add6_outl, 35);

Add4 outl <= Add4_add_cast + Add4_add_cast 1;

y_out <= std_logic_vector(Add4 outl);

delayed x_out <= std _logic_vector(Unit_Delay7_outl);

ce_out <= clk_enable;
END rtl;
[Tpumep 1. Kon s3pika VHDL u3BnedeHHBIE B aBTOMaTHYECKOM
pexume ¢ nomoinsto mpuioxenus Simulink HDL Coder u3
UMUTAIIMOHHON Monenn cummerpuyHoro KUX-bunptpa Ha 8
OTBOJIOB

Paccmorpum BTOPOU BapHaHT. Pazpabotaem
UMHTAIIMOHHYI0 Mozenb cumMmerpuuHoro KUX-¢umetpa Ha 8
0TBOIOB B  (opmate ¢  (PUKCHUPOBAHHOW  3amsATOH, ¢
ucnons3oBanueM fi-o0bekToB U s13p1ka M-(aitoB cucremsr Matlab
(puc.2.52 u puc.2.53). Bynem ucnonb3yem crepyroumii Gopmar,
JUISL IPEZICTABICHUS AECATUYHBIX YUCEIT:

a="fi(v, s, w, f),

rae V — aecaruuHoe yucio, S — 3Hak (0 (false)— mmsa umcen
0e3 3Haka u 1 (true) — muIs ymcen co 3HAKOM), W - pa3Mep cjoBa B
ourax (uenas yacth uncia), f — npoOHas yacte yrcia B Outax. 310
MOYKHO OCYIIECTBUTh C UCIOJIb30BAHKE CIIEAYIOIIEro popmara:

a=fi(v, s, w, f, fimath).
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% HDL specific fimath

hdl_fm = fimath(...

'RoundMode’, 'floor’,...

‘OverflowMode', 'wrap',...

'ProductMode’, 'FullPrecision’, 'ProductWordLength’, 32,...

‘SumMode’, 'FullPrecision’, 'SumWordLength', 32,...

‘CastBeforeSum’, true);

JlanHble ~ HACTPOWKH  BBIYMCICHUH B  ¢dopmare C
(bUKCUpOBaHHON 3amsaToil mpuHATEL B cucreme Simulink 1o
yMoJuaHuio. MOKHO 3amaTh pexuMm okpyriexus (Roundmode) —
‘floor’ — okpyrieHue BHH3; pEaKIMI0 Ha MEPEHOTHEHHE
(OverflowMode) — ‘wrap’ — mepeHoC, IpH BLIXOJE 3HAYCHHS V U3
JOMYCTUMOIO  JAMana3oHa, ‘JTUIIHUE CTapuiue  pa3pssbl
urHopupyroTcs. [Ipu  BBIIONIHEHUWH  oOmepaluil  YMHOXEHHS
(‘ProductMode’) u cnoxkenuss (SumMode), s MOBBIMIEHUS
TOYHOCTH  BBIYMCJICHUE (Precision) HCmosib3yeTcs MalluHHOE
CJIOBO IIUPHUHOM B 32 OwWTa.

[Tpumep 2 mnoxaseiBaer M-¢aiin cummerpuunoro KUX-
¢unpTpa Ha 8 0TBOMOB ¢ wucmoib3oBaHueM fi-o0bekToB. Ha
puc.2.54 okaszaH CUTHaI 70 U 1ocie GUIbTpariy.

P Gl oo |8 EN10
onvert
- I

From Data Type Conversion
Workspace
x_in

sfix16_En10 |
-0.1339 sfix16_En10
delayed x_out

Constant n_im

-0.0838 S16 Emo delayed_x_scope_out
h_In2

Constant1
sfix16_En10

0.2026 h_In3 sfix35_En20
y_out
Constant2

h_in4 y_out

sfix16_En10
0.4064 - fir

Constant3

Puc.2.52. BepxHuit ypoBeHb HE€pAPXUU UIMUTAIIMOHHON MOJIETTH
cummerpuyHoro KM X-¢unbTpa Ha 8 0TBOZOB C HCIOIB30BaHHEM
M-daiina

156



sfx16_En10
in
xin
= smas_En20
sfc16_En10 y_out
(2 )y——#nim
. y_out
h_int
sfix16_En10
n_inz 4
h In2 firg
sfx16_En10
Gy——nim
- sfix16_En10
h_In3 delayed_xout
sficl6_En10 delayed x out
h_ind
h_ind

FIRS
Puc.2.53. [loncucrema cummerpuanoro KNUX-¢punerpa Ha 8
OTBOJIOB (ITOJIKITIOYEHNE BXOIHBIX M BBIXOJHBIX TOPTOB K M-

daiiny)
%#codegen
function [y_out, delayed_xout] = fir8(x_in, h_in1, h_in2, h_in3,
h_in4)

% Symmetric FIR Filter
% HDL specific fimath
hdl_fm = fimath(...
'RoundMode', 'floor,...
'‘OverflowMode', 'wrap',...
'ProductMode’, 'FullPrecision’, 'ProductWordLength’, 32,...
'‘SumMode', 'FullPrecision’, 'SumWordLength', 32,...
‘CastBeforeSum’, true);
% declare and initialize the delay registers
persistent ud1 ud2 ud3 ud4 ud5 ud6 ud7 uds;
if isempty(udl)
udl =fi(0, 1, 16, 10, hdl_fm);
ud2 =fi(0, 1, 16, 10, hdl_fm);
ud3 =fi(0, 1, 16, 10, hdl_fm);
ud4 =fi(0, 1, 16, 10, hdl_fm);
ud5 = fi(0, 1, 16, 10, hdl_fm);
udé6 = fi(0, 1, 16, 10, hdl_fm);
ud7 =fi(0, 1, 16, 10, hdl_fm);
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ud8 = fi(0, 1, 16, 10, hdl_fm);
end
% access the previous value of states/registers
al =fi(udl +ud8, 1, 17, 10, hdl_fm);
a2 =fi(ud2 + ud7, 1, 17, 10, hdl_fm);
a3 = fi(ud3 + ud6, 1, 17, 10, hdl_fm);
a4 =fi(ud4 + uds, 1, 17, 10, hdl_fm);
% multiplier chain

ml = fi((h_inl*al), 1, 33, 20, hdl_fm);
m2 = fi((h_in2*a2), 1, 33, 20, hdl_fm);
m3 = fi((h_in3*a3), 1, 33, 20, hdl_fm);
m4 = fi((h_in4*a4), 1, 33, 20, hdl_fm);

% adder chain

a5 =fi(ml + m2, 1, 34, 20, hdl_fm);
a6 =fi(lm3 + m4, 1, 34, 20, hdl_fm);
% filtered output

y_out = fi(ab + a6, 1, 35, 20, hdl_fm);
% delayout input signal

delayed xout = ud8;

% update the delay line

ud8 = ud7; ud7 = ud6; udé = ud5;

ud5 = ud4;

ud4 = ud3;

ud3 = ud2;

ud2 = udi;

udl =fi(x_in, 1, 16, 10, hdl_fm);
end

[Tpumep 2. M-¢aitn cummerpuynoro KNUX-¢punsrpa Ha 8§ 0TBOJOB

¢ ucroib3oBanueM fi-o0bekTOB

[Tpumep 3 nemoncTpupyet kon si3bika VHDL u3BneueHHbIi
B aBTOMAaTHYECKOM pEXHME C MoMolbio mpuitokerus Simulink
HDL Coder u3 umuTanuoHHoi mojenu cummerpudnoro KUX-
¢ubTpa Ha § 0TBOOB Ha ocHOBE M-(aitios u fi-o0bekToB.
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il

y_out
EECEREELIEEES

1
il ‘ \
,1 |
15
o 200 400 =) 800 oog 1200 1400 1600
Time offset. 0

6)
Puc.2.54. Pe3ynpTaThl MMUTAIIMOHHOT'O MOJICTUPOBAHMS: a —
UCXOJIHBIN cUTHAI; 0 - NpOQHIBTPOBAHHBIN CUTHAT

m

‘El 1 [I[ID 1 200 1.l| \I \

-- File Name: C:\fir\fir8_vhdI\FIR8.vhd
-- Created: 2014-03-04 15:01:23
-- Generated by MATLAB 8.0 and HDL Coder 3.1
-- Module: FIR8
-- Source Path: fir_new/fir/FIR8
-- Hierarchy Level: 1
LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL;
USE IEEE.numeric_std.ALL;
ENTITY FIR8 IS
PORT( clk : IN std_logic;
reset : IN std_logic;
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enb
X_in

- sfix16_Enl10
h_inl

- sfix16_Enl10
h_in2

- sfix16_Enl10
h_in3

- sfix16_Enl10
h_in4

- sfix16_Enl10
y_out

-- sfix35_En20

delayed xout
0) --sfix16_En10

);
END FIRS;

: IN std_logic;

IN std_logic_vector(15 DOWNTO 0); -

IN std_logic_vector(15 DOWNTO 0);

IN std_logic_vector(15 DOWNTO 0);

IN std_logic_vector(15 DOWNTO 0);

IN std_logic_vector(15 DOWNTO 0);

: OUT std_logic_vector(34 DOWNTO 0);

. OUT std_logic_vector(15 DOWNTO

ARCHITECTURE rtl OF FIR8 IS

-- Signals

SIGNAL x_in_signed

sfix16_Enl0

SIGNAL h_inl_signed

sfix16_Enl0

SIGNAL h_in2_signed

sfix16_Enl0

SIGNAL h_in3_signed

sfix16_Enl0

SIGNAL h_in4_signed

sfix16_Enl0

SIGNAL y_out_tmp

sfix35_En20

SIGNAL delayed_xout_tmp

sfix16_Enl10
SIGNAL ud1
SIGNAL ud2
SIGNAL ud3
SIGNAL ud4
SIGNAL ud5

: signed(15 DOWNTO 0); --
. signed(15 DOWNTO 0); --
: signed(15 DOWNTO 0); --
: signed(15 DOWNTO 0); --
: signed(15 DOWNTO 0); --
: signed(34 DOWNTO 0); --
: signed(15 DOWNTO 0); --
- signed(15 DOWNTO 0); -- sfix16
: signed(15 DOWNTO 0); -- sfix16
: signed(15 DOWNTO 0); -- sfix16

: signed(15 DOWNTO 0); -- sfix16
- signed(15 DOWNTO 0); -- sfix16
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SIGNAL ud6
SIGNAL ud7
SIGNAL ud8

SIGNAL ud2_next

sfix16_Enl0

SIGNAL ud3_next

sfix16_Enl0

SIGNAL ud4_next

sfix16_Enl0

SIGNAL ud5_next

sfix16_Enl0

SIGNAL ud6_next

sfix16_Enl0

SIGNAL ud7_next

sfix16_Enl0

SIGNAL ud8_next

sfix16_Enl0
SIGNAL al
sfixl7_Enl10
SIGNAL a2
sfixl7_Enl10
SIGNAL a3
sfixl7_Enl10
SIGNAL a4
sfixl7_Enl10
SIGNAL m1
sfix33_En20
SIGNAL m2
sfix33_En20
SIGNAL m3
sfix33_En20
SIGNAL m4
sfix33_En20
SIGNAL a5
sfix34_En20
SIGNAL a6
sfix34_En20

SIGNAL add_cast

: signed(16 DOWNTO 0);
: signed(16 DOWNTO 0);
: signed(16 DOWNTO 0);
: signed(16 DOWNTO 0);
: signed(32 DOWNTO 0);
: signed(32 DOWNTO 0);
: signed(32 DOWNTO 0);

: signed(32 DOWNTO 0);

: signed(15 DOWNTO 0); -- sfix16
: signed(15 DOWNTO 0); -- sfix16
: signed(15 DOWNTO 0); -- sfix16

: signed(15 DOWNTO 0); --
: signed(15 DOWNTO 0); --
: signed(15 DOWNTO 0); --
: signed(15 DOWNTO 0); --
: signed(15 DOWNTO 0); --
: signed(15 DOWNTO 0); --

: signed(15 DOWNTO 0); --

- signed(33 DOWNTO 0); --

: signed(33 DOWNTO 0); --

: signed(16 DOWNTO 0); --
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sfix1l7_Enl0

SIGNAL add_cast 1
sfixl7_Enl0

SIGNAL add_cast 2
sfixl7_Enl0

SIGNAL add_cast 3
sfixl7_Enl0

SIGNAL add_cast 4
sfixl7_Enl0

SIGNAL add_cast 5
sfix1l7_Enl10

SIGNAL add_cast 6
sfix1l7_Enl10

SIGNAL add_cast 7
sfix1l7_Enl10

SIGNAL add_cast 8
sfix34_En20

SIGNAL add_cast 9
sfix34_En20

SIGNAL add_cast_10
sfix34_En20

SIGNAL add_cast 11
sfix34_En20

SIGNAL add_cast 12
sfix35_En20

SIGNAL add_cast 13
sfix35_En20
BEGIN

x_in_signed <= signed(x_in);

h_in1_signed <= signed(h_inl);
h_in2_signed <= signed(h_in2);
h_in3_signed <= signed(h_in3);
h_in4_signed <= signed(h_in4);

: signed(16 DOWNTO 0);
: signed(16 DOWNTO 0);
: signed(16 DOWNTO 0);
: signed(16 DOWNTO 0);
: signed(16 DOWNTO 0);
: signed(16 DOWNTO 0);
: signed(16 DOWNTO 0);
: signed(33 DOWNTO 0);
: signed(33 DOWNTO 0);
: signed(33 DOWNTO 0);
: signed(33 DOWNTO 0);
: signed(34 DOWNTO 0);

: signed(34 DOWNTO 0);

FIR8_1 process : PROCESS (clk, reset)

BEGIN
IF reset ='1' THEN

udl <=to_signed(0, 16);
ud2 <=to_signed(0, 16);

162



ud3 <=to_signed(0, 16);
ud4 <=to_signed(0, 16);
ud5 <=to_signed(0, 16);
udé <=to_signed(0, 16);
ud7 <=to_signed(0, 16);
ud8 <=to_signed(0, 16);
ELSIF clkEVENT AND clk ='1' THEN
IF enb ="1'THEN
ud2 <= ud2_next;
ud3 <= ud3_next;
ud4 <= ud4_next;
ud5 <= ud5_next;
udé <= ud6_next;
ud7 <= ud7_next;
ud8 <= ud8_next;
udl <= x_in_signed;
END IF;
END IF;
END PROCESS FIR8_1 process;
--MATLAB Function fir/FIR8" '<S2>:1'
-- Symmetric FIR Filter
-- HDL specific fimath
-- declare and initialize the delay registers
-- access the previous value of states/registers
--'<§2>:1:27
add_cast <= resize(udl, 17);
add_cast_1 <= resize(uds8, 17);
al <=add_cast + add_cast_1;
--'<§2>:1:28'
add_cast_2 <= resize(ud2, 17);
add_cast_3 <= resize(ud7, 17);
a2 <=add_cast_2 + add_cast_3;
--'<§2>:1:29'
add_cast_4 <= resize(ud3, 17);
add_cast_5 <= resize(ud6, 17);
a3 <=add_cast_4 + add_cast_5;
--'<§2>:1:30'
add_cast_6 <= resize(ud4, 17);
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add_cast_7 <= resize(ud5, 17);
a4 <=add_cast_6 + add_cast_7;
-- multiplier chain

--'<§2>:1:33'

ml <=h_inl_signed * al;
--'<§2>:1:34'

m2 <= h_in2_signed * a2;
--'<§2>:1:35'

m3 <= h_in3_signed * a3;
--'<§2>:1:36'

m4 <=h_in4_signed * a4;

-- adder chain

--'<§2>:1:39'

add_cast_8 <= resize(m1, 34);
add_cast_9 <= resize(mz2, 34);
a5 <=add_cast_8 + add_cast_9;
--'<§2>:1:40'

add_cast_10 <= resize(m3, 34);
add_cast_11 <= resize(m4, 34);
a6 <=add_cast 10 + add_cast_11;
-- filtered output

--'<§2>:1:43'

add_cast_12 <= resize(a5, 35);
add_cast_13 <= resize(a6, 35);
y_out tmp <=add cast_12 + add_cast 13;
-- delayout input signal
--'<§2>:1:46'
delayed_xout_tmp <= ud8;

-- update the delay line
--'<§2>:1:49'

ud8_next <= ud7,

--'<§2>:1:50'

ud7_next <= ud6;

--'<§2>:1:51"

ud6_next <= uds;

--'<§2>:1:52'

ud5_next <= ud4;

--'<§2>:1:53'
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ud4_next <= ud3;

--'<§2>:1:54'

ud3_next <= ud2;

--'<§2>:1:55'

ud2_next <= udl;

--'<§2>:1:56'

y_out <=std logic_vector(y_out_tmp);

delayed xout <= std_logic_vector(delayed xout_tmp);
END rtl;
ITpumep 3. Kox s3pika VHDL wu3BieYeHHBI B aBTOMAaTHYECKOM
pexxkume ¢ momomeio npuiaoxkenus Simulink HDL Coder us
WMUTAIMOHHONH Mojenun cumMmerpuuHoro KUX-dumberpa Ha 8
0TBOIOB Ha 0CHOBE M-(aiinoB u fi-06bekTOB

LIBRARY IEEE;
USE IEEE.std_logic_1164.all;
USE IEEE.numeric_std.ALL;
USE work.fir_tb_pkg.ALL;
PACKAGE fir_tb_data IS

CONSTANT Data_Type_Conversion_outl force :
Data_Type_Conversion_outl_type;

CONSTANT Constant_outl force : std_logic_vector(15
DOWNTO 0);

CONSTANT Constantl_outl force : std_logic_vector(15
DOWNTO 0);

CONSTANT Constant2_outl_force : std_logic_vector(15
DOWNTO 0);

CONSTANT Constant3_outl force : std_logic_vector(15
DOWNTO 0);

CONSTANT delayed_x_out_expected :
Data_Type_Conversion_outl_type;

CONSTANT y_out_expected : y_out_type;
END fir_tb_data;
PACKAGE BODY fir_tb_data IS

-- BXoaHO# cursai
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CONSTANT Data_Type_Conversion_outl_force :
Data_Type_Conversion_outl_type :=
(
X"0400",
X"03ff",
X"03ff",
X"03ff",
X"03ff",
X"03ff",
X"03fe",
X"03fd",
X"03fc",
X"03fb",
X"03f9",
X"03f7",
X"03f5",
X"03f2",
X"03ef",
X"03eb",
-- KoaddhummeHnts! puiabTpa
CONSTANT Constant_outl force : std_logic_vector(15 DOWNTO 0)
=( XU,
CONSTANT Constantl outl force : std_logic_vector(15 DOWNTO 0)
=(X"ffaa");
CONSTANT Constant2_outl_force : std_logic_vector(15 DOWNTO 0)
=(X"00cf");
CONSTANT Constant3_outl_force : std_logic_vector(15 DOWNTO 0)
=(X"01a0");
CONSTANT delayed_x_out_expected :
Data_Type_Conversion_outl_type :=
( X"0000",
X"0000",
X"0000",
X"0000",
X"0000",
X"0000",
X"0000",
X"0000",
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X"0400",
X"03ff",
X"03ff",
X"03ff",
-- Otximk pumbTpa, MPOPUIFTPOBAHHBIE 3HAYCHUS

CONSTANT y_out_expected : y_out_type :=

(
SLICE(X"000000000",35),

SLICE(X"7fffddc00",35),

SLICE(X"7fffc8489",35),

SLICE(X"7ffffcOdf",35),

SLICE(X"000064010",35),

SLICE(X"0000che70",35),

SLICE(X"0000ff8d0",35),

SLICE(X"0000ea08a",35),

SLICE(X"0000c7dbf",35),

SLICE(X"0000c7e58",35),

SLICE(X"0000c7cc8",35),
[Tpumep 4. ®parmeHT TecTOEHYA IMOJYYEHHBIH C TOMOIIBIO
npuinokerus Simulink HDL Coder w3 umwurtaivoHHOW MoOIenn
cummerpuyHoro KUX-¢punbrpa Ha 8 0OTBOAOB Ha OCHOBE M-
¢aiinos u fi-o0bexTOB

PaccmoTtpum  yHK1MOHaNBHOE MoaenupoBanue KUX-
¢unpTpa ¢ wucmonb3oBanueM cumysstopa ModelSim-Altera
STARTER EDITION. Ha puc.2.55 mnoka3zaHo MOJETUpOBaHHE
¢mIbTpa ¢ UCIONIb30BaHUEM TecTOeHua (pumMep 4), MoITy4eHHOTO
¢ nomoisto mpunoxenus Simulink HDL Coder u3 umutanuoHHoM
moaenu cummerpuuHoro KUX-dunstpa Ha 8 0TBOIOB Ha OCHOBE
M-caiinos u fi-o0bexToB.

Hcnonp3ys mnomyueHHslii kox (mpumep 3) paszpaboraem
¢ynkmonanpHyto Monens B CAIIP IIJIMC Quartus Il (puc.2.56).
BxonHoli curnan chopMupyeM ¢ TOMOIIBI0 BEKTOPHOTO PeIaKkTopa
(puc.2.57) B cootBercTBUU ¢ mpumepoMm 4. [IpoekT pasmelneH B
[TJINC EP2C5AF256A7 cepun Cyclone Il. Ha puc.2.58 moka3zano
pacripesielieHue  3aJeHiCTBOBAHHBIX ~ PECypcOB  MIpPOEKTa IO
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kpuctamty [IJIMC EP2C5AF256A7. Hcnonb3yercs 8 anmapaTHBIX
YMHOXHUTENEH pa3MEpPHOCThIO omnepaHoB 9X9. UTO paBHOCHIIBHO

HCITOJIb30BaHUIO 4 YMHOKHUTEJICH pa3MEPHOCTHIO orepan1oB 18X18
(Tabm.2.6).

Tabnuua 2.6
OO1mue cBeICHUS 0 YMCITY 33JCHCTBOBAHHBIX PECYPCOB
ITJINC Cyclone Il EP2C5AF256A7

O6mee gncio Tpurrepos ArmmmapaTHBIX Pabouas
JIOTHYCCKUX JJOTUYCCKUX YMHO)I(PITeJIefl qacToTa B
DJICMCHTOB DJICMCHTOB PasMEPHOCTHIO HauxXyauiem
(Logic Cells, | (Dedicated logic ornepas0B 9x9 ciyJae
LC) registers) (Embedded Fmax, MI'n
Multiplier 9-bit
elements)
238/4608 128/4608 8/26 (31 %) 380
(5 %) (3 %) WK 4 YMHOXHTEIIS
pa3MEPHOCTHIO
18x18

CpaBHuBasgs  puc.2.55 wu puc.2.57 BuguM,  UTO
¢ynkumoHanbHass  moaenb KUX-¢punstpa Ha 8  0TBOAOB
MOCTPOCHHAs C MCTIOJIb30BaHueM Koa si3bika VHDL n3BneuenHoro
B aBTOMaTHYECKOM pEXHME C momolipto mpmiokenns Simulink
HDL Coder u3 umuTanuoHHOW Mojenu cummerpuunoro KHX-
¢unpTpa Ha 8 0TBOJOB Ha OcHOBe M-(aiinoB u fi-o0bekToB B
CAIIP I'JIMC Quartus Il Bepcun 13.0 paGoTaeT KOPpEKTHO.

B cocraB HDL Coder BXoauT MHCTPYMEHT IOJI Ha3BaHUEM
HDL Workflow Advisor (momomauk mo padore ¢ HDL), koTopsbrii
aBToMarusupyer mnporpammupoanue [IJIMC ¢upm Xilinx u
Altera.  MoxHo  koHTposnupoBate  HDL-apxutektypy
peanu3aluio, BBIACNIATh KPUTHUECKHME MYTH W TeHEpHUpOBATh
0TYeThbl 00 UCTIOIH30BAHUY AIMAPATHBIX PECYPCOB.
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HDL Workflow Advisor

File Edit Run View Help

Find: - J‘ 'B

4 I HDL Workflow Advisor
4 G 1. Set Target
[7] 1., Set Target Device and Synthesis Tool
4 I 2. Prepare Model For HDL Code Generation
[ 2. Check Global Settings
[ ~2.2. Check Algebraic Loops
(] ~23. Check Block Compatibility
[=] 424, Check Sample Times
(] ~2.5. Check FRGA-in-the-Loop Compatibility
4 [ 3. HDL Code Generation
4 [ 3.1 set Code Generation Options
=] 3.1.1, set Basic Options
7] 3.1.2, et Advanced Cptions
(] 313, set Testbench Options
(-] #3.2. Generate RTL Code and Testbench
> |G 4. FPGA-in-the-Loop Implementation

1.1. Set Target Device and Synthesis Tool
Analysis (~Triggers Update Diagram)
Set Target Device and Synthesis Tool for HOL code generation

Input Parameters

Targetworkflaw [FPGA-n-the-Loop

Target platform [Altera DE2-115 development and education board

Launch Board Manager ]

Synthesis tool [Altera QUARTUS I

™)

Package

Project folder  C:\fir\firg_altera

Set Target Library (for floating-point synthesis support)

Result: || MotRun

Click Run This Task.

Device |EP4CE115F29

Speed

Puc.2.59. Iporpammusrit nuactpyment Workflow Advisor pacmmpenust Simulink




Ha puc.2.59 mnoka3zan nporpammubiii uHCTpyMeHT HDL
Workflow Advisor pacmmupenuss Simulink. Bonee moapobOHyro
uHGOpMAIMI0O  MOXHO  MOJYy4YuTh Ha  caiite  matlab.ru.
[Mporpammusiii macTpyment HDL Workflow Advisor myGmupyer
nyuktel MeHio Code/HDL Code/Generate HDL u Code/HDL
Code/Option, Ho mo3Bojsier paboTarh Ha 0oJiee KayeCTBEHHOM
YPOBHE.

['enepamusi Kojga TPOUCXOAUT B HECKOJIBKO ATAIloB.
[lepBhIid 3Tan 3akiOYaeTcss B BHIOOpE CTWIIS MPOCKTUPOBAHHS —
peanuzanus npoekta B 0Oasuce 3aka3Hbix BUC/IIIMC 6e3
NPUBS3KH K KOHKPETHOMY MPOM3BOJIUTEII0 WM pealln3aius
npoekTa ¢ BbIOOpoM oTiagouHoit miatel u cepuu [IJIMC dbupm
Xilinx wmu Altera. Jlins mpoektoB B 6asuce ITJIMC Workflow
Advisor obecrieunBaeT TakWe BO3MOKHOCTH ONTHMH3AIMH, Kak
JIOIIA/h-CKOPOCTb, pacnpeneneHue HaMsATu RAM,
KOHBEWepH3alys, COBMECTHOE HCIOJIb30BAHUE PECYpPCOB U
pa3BepTHIBAHUE IIUKIIOB.

Hanpumep, B paznene Set Target BeiOupaeTcst oTia04Has
wiata Altera DE2-115 Development and Education Board na
IIJIUC cepun Cyclone IV EP4CE115. B cny4ae BbiOOpa cTuis
IIPOEKTUPOBAHHUS FPGA-in-the-Loop  (3aMKHYTBIH  IIMKJ)
OTJIXHMBaTh MPOEKT BO3MOXHO HemocpeacTBeHHo u3 Simulink.
[TpoBepka Ha moagepkky oriaagounoi miatel Workflow Advisor
MO’KHO OCYIIECTBUTh Ha BTOPOM STame MOJATOTOBKH MOJENH IS
reHepauun koxa Prepare Model For HDL Code Generation B
paznene Chek FPGA-in-the-Loop Compatibility. Ha Tpetsem stame
OCYIIECTBIISETCS TeHEepalus KoJa.

Cucrema Matlab/simulink ¢ mpunoxenunem Simulink HDL
Coder moxeT OBITH (PPEKTHBHO HUCIOJIB30BaHA JUISI YCKOPECHUS
mporecca pa3paboTku kBaHTOBaHHBIX KUX-puibtpoB B 0Oazuce
[IJIMC. Atromatuuecku wusBnedeHnbli VHDL-xox ¢unbptpa u3
ormucanust  Simulink-monenu  mpuBOAMT K MCIOJIB30BAHUIO
BcTpoeHHbIX [[OC-06510k08B B [TJIMC cepun Cyclone Il o6ecrieunBast
pa3paboTKy BbICOKONPOoU3BoAUTENbHBIX KN X-(hunbTpos.
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2.6. Cucronuveckue puiabtTpsl B 6a3uce IIJIUC

Cucromnueckuii KUX-unbTp cumtaercs ONTUMAIbHBIM
peleHrueM Uil mapaiebHbIX apXUTEKTyp HU(POBBIX QHUIBTPOB.
B wHacrosmee BpeMs BXOAMT B COCTaB  MerayHKIUU
(ALTMULT_ADD) CAIIP Quartus Il maunnas ¢ Bepcun 11, 12 u
13 mst pabotel ¢ IOC-6mokamu cepuii Cyclon V, Arria V u Stratix
V' BBINOJHEHHBIX MO 28 HM TEXHOJIOTMYECKOMY IIpoleccy U
byukuuu XtremeDSP™ Digital Signal Processing mis LIOC-6110ka
DSP48 ITJINC cepuu Virtex-4 Xilinx.

B (QoH-HeliMaHOBCKMX MalllMHAX JlaHHBIC, CUMTAHHBIC W3
MaMsITH, OTHOKPATHO 00padaThiBalOTCS B MPOLIECCOPHOM DIIEMEHTE
(TI3), mocie Yero cHoBa BO3BpaIaroTcs B mamsth (puc.2.60, a).
ABTOpBI wHzeu cucronuueckoil marpuisl Kynr u Jleitzepcon
MPEUIOKUIN OPraHW30BaTh BBIYMCICHUS TaK, YTOOBI JaHHBIE Ha
CBOEM IIyTH OT CUMTBHIBAHMS M3 MaMITH 0 BO3BpALICHUS 00paTHO
HPOIYCKAINCh Yepe3 Kak MOKHO Ooubinee yuciio 19 (puc.2.60, 6).

Ecnu cpaBHUTH TONOXKEHUE MaMATH B BBIUMCIHTEIHHBIX
CHUCTEMax CO CTPYKTYpOH *KHBOTO OpraHu3Ma, TO [0 aHAJIOTHH €i
MO>XHO OTBECTH pOJIb cepAua, MHOxecTBy [ID — ponb TkaHeil, a
MOTOK JaHHBIX paccMaTpUBaTh KaK [HUPKYIUPYIOUIYI0 KPOBb.
Orcroa ¥ TPOUCXOAUT Ha3BaHUE CHUCTOJMYECKas MaTpula
(cucTona — cokpalleHue MpeacepaAnidl U >KelTyl0uKoB cepaua, npu
KOTOPOM KpOBb Harheraercs B aprepuu). Cucromuyeckas
CTPYKTypa — O3TO OJHOPOJIHas BBIUMCIUTENbHAS Ccpeda U3
IPOIIECCOPHBIX DJIEMEHTOB, COBMeIlaronias B cebe cBoiicTBa
KOHBeHepHOH M  MaTpuuHoil  oOpabotku. Cucronnyeckue
CTPYKTYpbl  3(G(EKTHBHBI NPU  BHIMOJHEHHH  MATPUUYHBIX
BBIUKCIICHHH, 00paboTKe CUTHAJIOB, COPTUPOBKE TAHHBIX U T.I.

Paccmotpum ctpykrypy cucronmueckoro KUX-dpunbrpa Ha
4 otBoma (puc.2.61). B oCHOBE CTPYKTYpHI JIEKUT PUTMHUECKOE
MPOXOXKACHHUE JIBYX MOTOKOB JAaHHBIX X, M Y, HaBCTpedy APYT

ApYTY.
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Puc.2.60. O6paboTka TaHHBIX B BEIYUCIUTEIBHBIX CUCTEMAX: a)
(oH-HEIMaHOBCKOTO THUIA; 0) — CHCTOIMYECKON CTPYKTYpHI

[TocnenoBarenbHbIE JIEMEHTHI KaXKJI0T0 IIOTOKA Pa3/IelIeHbl
OJHUM TAaKTOBBIM IIEPHONOM, 4UTOOBI JIIOOOH W3 HHUX MOT
BCTPETUTbCA C  JIIOOBIM  DJIEMEHTOM  BCTPEYHOIO  IIOTOKA.
BbruucieHuss  BBINONHAIOTCA —MapajuleIbHO B IIPOLIECCOPHBIX
JIEMEHTAaX, KaXKbI U3 KOTOPBIX pPealn3yeT OJMH LIar B ONEepaLuu
BBIYUCIICHHSI CKAIAPHOTO Mpou3Benenus (puc.2.61). 3nadenue Y, ,
nocrynaromee Ha Bxox [ID, cymmmupyercs ¢ mnpousBeleHUEM
BXOJHBIX 3HAueHWH X, U ¢ . Pesynprar Beixomut u3 IID kak

Your = Yin € *X,. 3HaueHHE X

in» KPOME TOTO, AJII BO3MOXHOI'O

MOCTIEAYIOIIET0 HCIOJIb30BAHUS OCTaJbHOW YacThIO MaccHuBa
TpaHciupyetcs yepe3 [1D 0e3 u3MeHEeHH U TTOKUIAET €ro B BHUJIE
Xout - TAKUM 0Opa3oM, Ha Kaxablil OTBOA (DUIBTpAa MPUXOAUTCS
omua I1D. Ha pwuc.2.61 mokazaHa CTpPyKTypa CHCTOJMYECKOTO
KUX-¢punptpa Ha 4 otBoma. IloTtoxkm curhaizos Y,,,
MPEJICTABISIIOIIET0  HAKOIUIEHHBIM  pe3ylbTaT  BBIYHUCICHUS
CKaJIIPHOTO TMPOM3BEIEHUS U BXOJHOTO X, PaCIpOCTPaHSIIOTCS

cieBa Ha mpaso. Ha Bxomax X;, M BeIXOJax CyMMbI Kaxzaoro 11D

}1063BJ'IGHBI PETUCTCPHBIC OJICMCHTHI, qTo IIO3BOJISACT
HAKOINNICHHOMY pPE3YyJIbTaTy W BXOJHOMY 3HAUCHUIO OCTAaBAaThCA B
CUHXPOHH3allH.

Jljig mosydeHus: KOHEUHOTO pe3yiibTaTa UCIOJIb3YeTCs CETh
CyMMAaToOpoOB, KOTOpas IOCIENI0BaTEIbHO CYMMHUDPYET CKaJSIpHBIE
npousBeAeHuss. DuiabTp COCTOMT M3  JOBYX  OAHOTHUIIHBIX
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npoueccopHeix anementoB [191 u I192. Ha Bxoxm vy, IIOI

HEO0OXOUMO TMOJaTh CHUTHAJ JIOTMYECKOTO HyJNsS a Ha BXOJHOM
JUHUU X, UCIIOJNb3YETCS OJIUH PETUCTP, a HE /1Ba Kak y [102.

Puc.2.61. Cucronuueckuit KUX-¢bunbtp Ha 4 0TBOJA
coctaBieHHbI U3 4-x cexiuit DSP48 TTJIMC Virtex-4 ¢pupmbl
Xilinx

Hcnone3ys  BbllIe  NPEACTABIEHHBIE  COOOpPaKEHUs
pa3paboTaeM MOJEIb CUCTOJIMYECKOro (HiIbTpa Ha 4 OTBOAA
y =CyX, + CX + C,X, + Cyx; B CAIIP IINIMC Quartus Il B 6a3uce

[UIUC cepun Stratix Ill. TIpeamonoxum 4Yto K03(D(GHUIHUSHTHI
(GuIbTpa 1EeT0YUCICHHBIE CO 3HAKOM, U3BECTHBI U paBHbl C; = -2,

C=-1, C,=7 nu C,=6. Ha Bxon KUX-dpunprpa nocrynaror

BXOJIHbIE OTcUeThl -5, 3, 1 u 0. [IpaBuiibHBIE 3HAUEHUS HA BBIXOJIE
¢unbrpa: 10, -1, -40, -10, 26, 6 u 1.1., T.€. cormacHo ¢opmyie (1).
B kadecTBe mepeMHOXHTENEH HCHOJIB3yeM MeradyHKIIHIO
LPM_MULT. Peructps! BeinoaHeHbl Ha MerapyHkuusx LPM_FF.
Cucronnueckuii KUX-punbtp Ha 4 0OTBOJA C IMPOLECCOPHBIMU
anemednTamu [191 u 192 B CAIIP ITJIMC Quartus |l moka3an Ha
puc.2.62. Ha puc.2.63 u puc.2.64 mokazanbl CXeMbl TPOLIECCOPHBIX
anemenToB [191 u I192, a Ha puc.2.65 BpeMeHHbIE AMArpPaMMBbI
pabotel  cucrommueckoro KUX-¢punstpa Ha 4  oTBOjA.
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ZPE S & e ck tap[3.0]
ck tap[3.0] | resef out_pef7..{]

ck 1ap[3.0] -'—I reset out_pe[7.0] =1 X3.0
reset out_pe[7..0] -‘-I_ X3.0 consif3..0]
ck tap[3.0] XB.10] et conSY3.0] ¥I7.0]

XB.q out_pe[7.0] === =1 conzi{3.0] y7.0] netd
consf3. ] .0 st o

4 reset

e cunst_3

Puc.2.62. Cucromnueckuit KUX-punstp Ha 4 orBoga B CAIIP IIJIMC Quartus Il ¢ nporeccopabiMu
anemeHTamu 1101 u 192



8.1

(R

S S

. OFF]
i —

o EIN Y

¥ clock

DFA
q7.0]

data[7..0]
clock

fid

OFF] I

a0
0]

clock

constl

Puc.2.63. [1epsslit iporieccopHbIii asteMeHT 1151

oFA
data[7..0]
7.0
clock a0
instd




6.1

P e = )

#—7> clock

add

dataal7. 0
result[7_0]
datab[7.0 =

nst

Puc.2.64. Bropoii nponieccopHslii 3siement 1192

10 p= x‘lD.!} ns ED.P ns 12Di[}' ns 1 EDiD ns 2DDiD ns Zx‘lDiD ns ZEDiD ns 32Di[}' ns EEDiD ns
Mame
-0 clk
=1 reset 1
w2 H X BN ST R
=7 EH out_tap 1] WO-B w3 w1 W
=512 EH out_y 1] W0 T 1 W AD W10 w25 W B W
=21 EH out_pel 1] W0 W b % 2 W
o 30 EH out_pe2 0 W10 W1 W R W T Y
Pt EH out_ped 1] A0 w1 T AD w20 W T

Puc.2.65. Bpemennsle nuarpaMmMbl paboTsl cuctonndyeckoro KM X-gunbrpa Ha 4 otBOsA C
nporeccopHbiME d5ieMenTamu [191 u 1192
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constd

Teonst? : Teonstd
nsl nst? i
syst fir_tap syst fir_fap syst_fir_tap syst fir_tap
const{3..0] qf7.0] 4 consi{3..0] qlr.0 1 const[3..0] ql7.0] const{3..0] q[7..0] p—
X[3.0] tap[3.0] X[3.0] tap[3.0] X[3.0] {ap[3.0] 1 X[3..0] tap[3.0] L
= Y7 = Y[7.0] = Y[7.0] = Y7
o res o res o res o res
clk clk ck clk
nst nsti nst nst3

Puc.2.66. Cucrommueckuit KUX-hunstp Ha 4 otBosa B CAIIP ITJIMC Quartus Il
C OJIHOTUITHBIMU TTPOLIECCOPHBIMH 3JIEMEHTAMHU

ff 4

= data[3..0]
| |

N | S
oFF

datal7..0] v
7..0]

clock at

nstz
 — — data[2..0]

clock

az..01—

4
TFF

datal3..0] sy
clock a0l

Puc.2.67. OqHOTHIIHBIN MTPOLIECCOPHBINA AIIEMEHT



0 ps 80.0ns 160,0 ns 240.0ns 320,0ns 400.0 ns

MName
B0 | & Eipaiiigniipeiipnilisaiinn Bipn Bl pn i pnilinn B nn il
1 res M
2 X 5 3 7
=7 out_fitr 0 10 B 2010 5 B
Al tep_out 0 bR i
o out_resutt_tap1 0 LD G
=30 out_result_tap? 1] 10 B 3 ]
=3 out_result_tap3 ] i) Bl 40 20 7

Puc.2.68. Bpemennsie auarpamMmbl paboThl cucromdeckoro KNX-
¢bunabpTpa Ha 4 OTBOJA C OTHOTHUITHBIMHU TIPOIECCOPHBIMU
JJIEeMEHTaMU

Ha Bxozax mnepeMHOXXMUTENS CUTHAJIOB BBIIIOJHEHHBIX Ha
merapynkuun ALT_MULT B npoueccopnom snemente 1PE
HEOOXOUMBI [0 OAHOMY 4-X pa3psAIHOMY PETUCTpPY [UIsl Ipoliecca
COIIacOBaHUSl  BBIYMCIEHUH. A Ha OJHOM U3  BXOJOB
NEPEMHOXKUTENST CUTHAJIOB B IpolieccopHoM aseMeHTe 2PE
HEO0OXOIUMBI JBa 4-X pa3psaIHBIX PErucTpa, MEepBbId U3 KOTOPBIX
UTPAET POJIb JIUHHUM 3a/I€PIKKH.

Yopoctute cTpykTypy cuctoandeckoro KUX-¢punbrpa
NO3BOJSIET  MCIOJB30BaHME  OAHOTHIIHOTO  IPOLECCOPHOTO

DIIEMEHTa (puc.2.66 U puc.2.67). [TpaBUIBHOCTH
(YHKIIMOHUPOBAHUS TaKOTO pEIIeHUs MOATBEPXKIAeT auarpamma
Ha puc.2.68.

IIpumep 1 nemoHctpupyer kox s3eika VHDL KUX-
¢unpTpa ¢ HMCHOJIB30BAaHWEM NPSIMON peanu3anuu 1o Qopmyse
y=CoX, +CX +C,X, +C;%;.  Ilo xomy ObIM  MOTyYEHBI
BPEMEHHBIE JUarpaMMsl, IOKa3aHHblE Ha puc.2.69. CpaBHuBasd
BpPEMEHHBIE quarpaMMbl Ha puc.2.65, 2.68 u puc.2.69 BuauM, 4To
GuIbTpHI paboTaIOT KOPPEKTHO.

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;
package coeffs is
type coef_arr is array (0 to 3) of signed(3 downto 0);
constant coefs: coef_arr:= coef_arr'("1110", "1111", "0111", "0110");
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end coeffs;
library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;
use work.coeffs.all;
entity fir_var is
port (clk, reset, clk_ena: in std_logic;
date: in signed (3 downto 0);
g_reg: out signed (9 downto 0));
end fir_var;
architecture beh of fir_var is
begin
process(clk,reset)
type shift_arr is array (3 downto 0)
of signed (3 downto 0);
variable shift; shift_arr;
variable tmp: signed (3 downto 0);
variable pro: signed (7 downto 0);
variable acc: signed (9 downto 0);
begin
if reset="0" then
foriinOto 3 loop
shift(i):= (others =>'0";
end loop;
g_reg<= (others =>"'0";
elsif(clk'event and clk = '1") then
if clk_ena="1"then
shift(0):=date;
pro := shift(0) * coefs(0);
acc := conv_signed(pro, 10);
for i in 2 downto O loop
pro := shift(i+1) * coefs(i+1);
acc := acc + conv_signed(pro, 10);
shift(i+1):= shift(i);
end loop;
end if;
end if;
g_reg<=acc;
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end process;
end beh;
[Tpumep 1. Kox s3pika VHDL KUX-dunbrpa Ha 4 0TBOAA

Value Ops 400ns 80.0ns 1200ns  1600ns  2000ns  2400ns  2800ns  3200ns  3600ns ¢

Name 0

B0 | ok T S0 [ O OO [y
& ck_ena B

2 | [ Datain 5- 5 Y3 ¥ 1Y ]

w7 reset Bl |

i EY I ER SN I SERDGE 1D GE'ID aF- 2D Sl D | 0

Puc.2.69. Bpemennsie auarpammsl padotsl KUX-dunstpa Ha 4
0TBOJA 1o Koxy si3bika VHDL

B kauectBe npumepa paccMOTpUM, KaKk OOCTOMT J€l0 ¢
unnycrpuaibabiMu [IJIMC nocnennero nokonenust Gpupmbr Altera
cepun Cyclon V wu Stratix V. B yka3aHHBIX CepHsIX IMOSBUINCH
LHOC-6m0Kku ¢ TIEpeMEHHOW TOYHOCTHIO, OJIHA U3 OCOOEHHOCTEU
KOTOpBIX 3TO peanusauust cucronnueckux KHWUX-punbTpos.
Kaxnprii [JOC-61ok cepun Stratix V mo3BossieT peann3oBaTh JiBa
NEPEeMHOXKUTENS JIBYX 18-pa3psaHBIX CHUTHAJIOB WJIH OJUH
NEPEMHOXKHUTENb  JBYX  32-pa3psIHbIX  CUTHAJIOB, MpPUYEM
BCTpoeHHbIe B BbIXOAHbIE Henu [[OC-6510k0B MHOropaspsiaHble
CyMMATOpPBI ITO3BOJIIFOT OPraHU30BATh IIEPBBIA U BTOPON YPOBEHB B
JIEpEBE MHOTOpA3psAIHBIX CyMMaTOpOB B Cllyyae MPOEKTHPOBAHUS
napauienbHbix KUX-hunptpos.

Ha puc.2.70 mokazana mpsmas ¢gopma KUX-pumsTpa c
HECUMMETPUYHBbIMU KO3 duuueHtamu Ha 16 OTBOJOB,
K03 ULMEHThl MpeAcTaBieHbl ¢ 18 OWTHOM TOYHOCTBIO, C
ucnonb3oBanuemM L[OC-6mokoB TIJIUC cepun Stratix V. B 11OC-
0JI0Kax MCHOJB3YIOTCS JIBA YPOBHSI CYMMHUPOBAHUS 110 OTHOLICHHUIO
K  BHEIIHEMY  JepeBy  MHOTOpPa3psIHBIX CYMMaTOpOB,
KacKaJupymolas IIMHa M KaK BapHaHT, JUHUS 3aJI€PKKH MOXKET
OBITH CKOH(UTYPUPOBAHA U3 BHYTPEHHUX BXOJHBIX PETHCTPOB.

Ha puc.2.71 nokazana npsimas ¢popma KUX-dpunprpa Ha 8
OTBOJIOB c HECHUMMETPUYHBIMHU koa(purmenTamu c
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ucnonb3oBanueM [1OC-6m0koB cepun Stratix V. s peanusaruu
¢GbuIbTPOB C OOJIBIIUM YHUCIOM OTBOJIOB HEOOXOIMMBI BHEIIHHE
JUHUS 3aIep)KKH U JIEPEBO MHOTOPA3pSAIHBIX CYMMAaTOpOB I10
otHomeHuto k I[IOC-6mokam, mpu 3tom B camoM I[OC-06ioke
OCYILIECTBJISIETCSI TIEPBBIA YPOBEHb CYMMHUPOBAHUS 3HAYCHHUH C
OTBOJIOB  (pMIIbTpa, TMPEABAPUTEIBHO YMHOKEHHBIX Ha €ro
KO3 PUITUEHTHI.

HcnonszoBanne [{OC-60k0B npu nmpoektupoBanuu KNX-
bunbTpa OpAMON (GOpMBI MO3BOJIAET BIBOE COKPATUTH YHCIIO
MHOTOPa3psAIHBIX CYMMAaTOpOB, HO OCTaBIIAsCS YacTh JiepeBa
CYMMaTOpOB peanu3yeTcsi Ha BHyTpeHHuX pecypcax IIJIMC, uro
OTPUIATENILHO CKAa3bIBAaeTCsl Ha OOIIEM YHUCie 3a/IeHCTBOBAHHBIX
pecypcax U Kak CIEICTBUE CHUXaeTcs ObICTpojelicTBue (UiIbTpa
3a CYET yBENUYCHHUS 3aJIEPKEK B TPACCUPOBOYHBIX KaHAlIaX caMoil
[JINC.

CylleCTBEHHO YMEHBIIIUTH YHCIO HCIOIb3yEMBIX PECYPCOB
no3Bosigser  cuctoimueckuit  KUX-punetp, B  L[OC-610Kax
KOTOPOr0 PEAIHU3YIOTCS OlEepalid YMHOXEHHUS M CIOXEHHS C
KOHBepHUe3ale, T.. OTHajaeT HeoOXOAUMOCTh B JIepeBe
MHOTOPa3PsATHBIX CYMMATOPOB, OJHAKO OH MOKET UMETH OONBIIYIO
JATEeHTHOCTh 10 CPAaBHEHHUIO C MPSMOM peanusanuei (GuabTpa.
KpacHpiM 11BeTOM TIOKa3aHbl CHUHXPOHHU3UPYIOUIUE PETUCTPHI
(puc.2.72). Merapyukuus ALTMULT_ADD CAIIP Quartus I
HaunHas ¢ Bepcuu 11.0 s TIJIUC cepuii Arria V, Cyclone V u
Stratix V mo3Bomsier koHpurypupoBatb LIOC-0moku st
OpTaHHU3AIUU CUCTOIMYECKUX (QUITHTPOB.

Ha pwuc.2.73 mnpencranena crtpykrypa LHOC-61oka ¢
nepemenHoit TouHocthio [IJIMC cepunm Cyclon V na kotopoii,
BBIJICJIEH TIPOLIECCOPHBIM AJIEMEHT, a Ha puc.2.74 mnokaszaHo
BKIIIOUEHUE  CHUCTOIIMYECKOTO  pEerucTpa B MeradyHKIUU
ALTMULT_ADD pyst [IJIUC cepun Cyclon V.
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Puc.2.70. a) npsimas popma KUX-punbTpa ¢ HecumMMeTpruuHbIMH KO3 punentamu Ha 16 0TBOIOB,
K03 (ULIMEHTHI MTpe/icTaBIeHbI ¢ 18 OMTHOM TOUHOCTHIO, ¢ ucnosib3oBanueM L{OC-61okos [IJIMC
cepun Stratix V; 0) — pesxumbl [JOC-6moka st ipsimoit peanu3zanuu KMX-gunbTpa ¢ CHMMETpUYHBIMU
1 HECUMMETPUYHBIMU KO3PPUIIEeHTaMU



18x18 64 [Ba ypoBHA CYMMUPOBaHUIA 1
Kackagupyowjas wvHa B LIOC-6noke
2 - aong npamoi peanusagun KMX-
= =2 UNLTPa ¢ HECUMMETPUYHBIMUN
72 3 g 6 KoatbpuLmeHTamm,
ﬁL g E 7 BXOAHbIE PerucTpbl MOryT BbiTh
H H CKOHMUryprpoBaHHbl Ana
E BbINONHEHUS (DYHKLUN TMHUK
£ 3aepXKKu
18x
rore
u-n-l
BcTpoeHHble B LIOC-6rnok
npecymMmartopbl Ans KX- BeTpoeHHble GaHKu S oo
PUNLTPOB € CUMMETPUYHLIMU perucTpos (8 wr) ans Reslhsies)
KkoacppumeHTamn XpaHeHus KoapULIMEHTOB
KNX-counetpa saxis s min

D,

npeacTaBneHHbIx ¢ 18-
GUTHOW TOYHOCTBIO
18-bits

prers

987

0
1
2
3
4
5
6
7

6)

Puc.2.70. a) npsimas popma KUX-punprpa ¢ HecuMMeTpuaHbIME KO3 dumrenTamu Ha 16 0TBOOB,
K03 PHUIMEHTHI IpeACTaBICHHI ¢ 18 OUTHOI TOYHOCTEIO, ¢ Hcnoib3oBanueM LIOC-6mokoB ITJINC
cepuu Stratix V; 6) — pesxkumbl [IOC-6:10ka s npsimoit peanuzanuu KUX-duabTpa ¢ CHMMETPHYHBIMU
¥ HECUMMETPUYIHBIMH K03 PuIerTamMu (Ipo0HKeHHE)
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DSP Block

Puc.2.71. llpsamas peanuzanus KUX-punbTpa ¢ HecuMMeTpruuHbIMH KO3 puiieHTaMu Ha 8 0TBOJIOB,
KOA((ULIMEHTHI MTPeICTaBIEHbI C 27 OUTHOW TOUHOCTHIO (BHICOKOTOUHBIN PEXKHUM ), C UCIIOJIB30BaHUEM
LOC-61okoB ITJIUC cepun Stratix V. B IIOC-610kax UCTIONIB3yeTCs OTUH YPOBEHb CYMMUPOBAHHUS 110

OTHOIICHHIO K BHCIHIHEMY JC€PEBY MHOTOPA3PAJTHBIX CYMMATOPOB




881

1

DSP Block

+
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Puc.2.72. Cucronnueckuit KUX-¢punbtp Ha 8 0TBOJI0B ¢ 18 OUTHON TOYHOCTHIO

npejcTaBiacHus Ko3puirenTos, ¢ ucnoiabzoBanueM [IOC-610xoB IIJIUC cepun Stratix V
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——————<1 CLK[2.0]
scanin chainin[&3..0]
——<—J ENA[2.0]

ACLR[1..0)
v I

LOADCONST

——
ACCUMULATE C>——
——

NEGATE

SUE_COMPLEX C———

Systalic
Register (1)

Pre-Adder Multiplier

dataa_y0[18..0]

dataa_z0[17..0]

+-

[—

[—
dataa_x0[17.0] ————

[—

COEFSELA[Z 0]

Input Register Bank

Chainout addg

Multiplier
Pra-Adder T

datab_y1[18.0] ——|| |

E Double
Accumulation

datab_z1[17..0] —=—— 1 x Register
i

datab_x1[17.0] ——— f_ﬁjﬁ
COEFSELS[2.0] >t

{—> Resut[73..0]

Outpul Register Bank

U

scanout chainout[G3..0]

Puc.2.73. Cucronnueckue perucTpsbl, HOJKII0OYAEMbIE ONIIMOHAIBHO C TIOMOIIBIO MeTapyHKIIUN
ALTMULT_ADD B LIOC-610ke ¢ nepemennoii Tounocts [IJIMC cepun Cyclon V



067

MegaWizard Plug-In Manager [page 7 of 9]

"%} ALTMULT_ADD

chainin

Documentatior| |

Multd
al
4. | o
Systolic registers
Preload Constant E—
mult_add b0
ockd o0 [C] Enable preload constant
oct resut(s.0]
| dataa_0[3.0] Select value for preload constant 64
et i, Note: Default valus of 64 wil make constant value squal to 0 instead of 25
dataa_2[3.0]
| dataa 3[3..0] Register input of accum_sload More Options...
| datab_0[3..0] -
ERIEN Enble double sccumuiater
et s Systolic Delay
| datab_3[3..0]
hainin]. 0] Enable systolic delay registers
Mult1
at

1+ 7
b1——

result

Resource Usage

4 [ (T I

Puc.2.74. BknroyeHue CUCTOIMYECKOTO PETUCTPa B MOCIEI0BATEIbHYIO IIENb CyMMAaTOPOB B
merapyaknun ALTMULT_ADD s ITJIUC cepuun Cyclon V
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Tabmuua 2.7

Peanuzanus napawiensabix KUX-¢hunptpoB Ha 4 otBona B 6asuc [TJIMC cepun Stratix 111

Pecypcer [IJIMC Cucronuieckuii 4 meradyHKIINH YMHOKCHHS 1 meradyHKIHS
KUX-punbtp ¢ C HaKOIUICHUEM YMHOKEHHUS U
OJTHOTUITHBIMU ALTMULT_ACCUM CIIOKEHUSA
MIPOTIECCOPHBIMHU (BuemmHss M 3aaepxkku u | ALTMULT_ADD
aJIeMeHTaMu 0e3 JIEPEBO CYMMATOPOB) (BHEIIHSASA THHAS
HCTIOTb30BaHMUS 3aJICPIKKH )
BcTpoeHHbIx [1OC-
0JIOKOB
MaxkcumMajbHas 9acToTa/ 432/400 429/400 514/400
4acToTa B HAUXYIIIEM
ciyqae, MI'ng
Yucno LUT mns peanmzanuun 59 18 0
KOMOWHAIIMOHHBIBX (DYHKIHN
ATanITUBHBIX JJOTUYECKUX 44 18 8
Moayned (ALM)
Yuciio BeIAEIEHHBIX 65 12 12
PETUCTPOB /IS peaiu3aiuu
MOCJIeI0BATEILHOCTHOMN
JIOTUKH
Berpoennsie 1{OC-6mokw, - 16 4

18x18 6ur




Peanuzanus napamienpasix KUX-gunsTpoB Ha 4 oTBOAA B
6azuc IIJIMC cepum Stratix Il mpencraBiaensr B Ta6m.2.7. Bcee
pPaccMOTpPEHHbIE BapUaHThI (PHIIBTPOB peaTn30BaHbl HA KaKUX JIHMO0
Mmeradynkuusax. [lepBeiii BapuaHT peannuzoBaH 0e3 HUCIOJIb30BaAHUS
Merapyakiusamu  [[OC-610k0oB, BTOpOW BapuaHT 3aCHCTBYET
JUIIb 10 OJHOMY YMHOXHUTENIIO M3 YEThIPEX BO3MOXKHBIX
merapyakiiuu  ALTMULT_ACCUM, a Tpetuii — deThIpe
YMHOXHTENST M3 4YeThlpeX BO3MOXHBIX. [IpuBenennas Ttabmuna
MOKA3bIBAET JIMILIb MAaKCUMAJIbHOE UCIOJIb30BaHue pecypcoB LIOC-
onokoB oxHoii wmeradynkiueit ALTMULT_ADD, 3a cuer
UCIIOJIb30BaHUS YEThIpEX MEPEMHOKHUTENICH U BCTPOCHHOTO JIepeBa
CyMMaTOpOB, pEalu3ylolllue TepBbIE U  BTOpPbIE  YPOBHU
cymmupoBanus. Bo Bcex cmywasx dyactota paboThl (GUIBTPOB
orpann4uBaercs Beanunnon 400 MI'.

2.7. IlpoexTupoBanme cucroaudeckux KUX-puabTpoB
B 0a3uce IIJIMC ¢ ucnosb3oBannem cucteMbl HUGPOBOro
moaeuposanus ModelSim-Altera

Kparko paccMOTpuM  OCOOEHHOCTH — HPOEKTHPOBAHUS
G poBbIX GUIBTPOB HA npuMepe cucronndyeckoro KUX-puibrpa
B CAIIP TIJIUC Quartus Il Bepcun 11.1 Web Edition. Hauunast ¢
Bepcuu 10.0 uz CAIIP Quartus Il uckmroueH BeKTOPHBIN peaakTop,
a MOJETHPOBAHME TMpEAJaracTcs BeCTH C HCIOJIb30BaHHEM
Pa3IMYHBIX CHMYJSATOP BBICOKOYPOBHEBBIX SI3BIKOB OIHCAHMS
amnmapaTypHbeIX cpencts, Hampumep Active-HDL, Riviera-Pro,
ModelSim u nap. B kadectBe CBOOOJHO pPacCHpPOCTPAHIEMOTO
CHUMYJISITOpa C OTPaHUYEHHBIMH BO3MOXKHOCTSIMH I0JIb30BATEIIO
npearaeTcsi UCIoNb30BaTh cucteMy Mozaenuposanus ModelSim-
Altera Free.

PaccmoTtpum ypaBaenne KUX-dunbTpa (HepeKypCHBHOTO
QpoBoro (GuIbTpa ¢ KOHEYHO-UMITYJILCHOM XapaKTEPUCTHKOI)
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KOTOpOC npeaAcCTaBJIsICTCA KakK apI/I(bMeTI/I‘{eCKaH CymMMa

MIPOU3BECHUN:
K-

1
y=> 0%, (2.17)
k=0

rue Y- OTKIMK [enw; X, — K-—as BXoaHas NepeMeHHas;
¢, —BecoBol  koddduuueHT K —o0if BXOIHOH NEPEMEHHOM,

KOTOPBIN SIBJISETCS MOCTOSIHHBIM I Bcex N; K -4ucio oTBOJ0OB
bunsTpa.

Pa3paboraemM Mozenb cucToIM4YecKkoro ¢uibTtpa Ha 4
otBopa Y =Cyx, +Cx +C,X, +C.X; B CAIIP IIUIMC Quartus Il

Bepcun 11.1 B 6azuce IIJIUC cepun Cyclone Il ¢ ogHoTHIIHBIMU
IPOLIECCOPHBIME 31eMeHTaMu (puc.2.75 u puc.2.76). IIJIUC cepun
Cyclone Il BoiOpanb! 3 coobpaskenuii uto B CAIIP ITJIMC Quartus
Il Web Edition we nomnepxusatotcs ITJINC cepuii Cyclon V u
Stratix V.

Jlamum  mpou3BOJbHOE WMs  (paliily BEpXHErO ypOBHs
npoekTHOW uepapxuu - Poly_syst_main.bdf. TIpenmonoxum uTo
K03 PHIMEeHTH PUIBTPaA IIETOYUCICHHBIE CO 3HAKOM, U3BECTHBI U
pasuel Cy=-2, C =-1, C,=7 u C;=6. Ha Bxog KUX-

¢GuIbTpa MOCTYNaT BXOAHBIE oTcUeTHl -5, 3, 1 u 0. [IpaBuibHbIE
3HaueHusl Ha BbIXOAe ¢unbTpa: 10, -1, -40, -10, 26, 6 u T1.1., T.€.
coryiacHo ¢opmyne (1).

Ha puc.2.77 mnoxa3aHbl BpeMEHHbIE IUarpaMMbl PabOTHI
cucronmyeckoro KUX-dunbtpa peanuzoBanHoro B 6azuce IIJIMC
Stratix Ill Ha 4 oTBOma C OJHOTHUIHBIMH MPOIECCOPHBIMU
sanementamu B CAIIP IIJIMC Quartus Il Bepcun 9.1 u3 .
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Puc.2.76. OqHOTHITHBIA MTPOIECCOPHBINA AIIEMEHT

0 ps ED.Pns ‘IEDiD ns 24DiD ns 32DiD ns ADDiD ns
Name
w0 clk
=1 res m
w2 X EED SERD SRR
=7 A out_fitr 1] WTOI0 0 1 % A0 % 10 % 25 % &
@16 | [H tap_out 1] Y5 Y 3 % 1Y
=21 out_result_tap1 1] WD W 6 W R
330 | A out_resutt_tap2 ] LD SRR SN SN
539 | [H out_result_tap3 1] bR SEED S 1D 8F 1D SR ED i

Puc.2.77. Bpemennsie guarpamMmsl padoThl cuctonndeckoro KUX-¢unbtpa Ha 4 oTBO/A C
OTHOTHUITHBIMU TIporieccopHbiMU dneMeHTamu B CATIP TTJIMC Quartus 1l Bepcuu 9.1
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PaccmoTtpum MOJIETTUPOBAHHE K1X-punsrpa c
ucrnonp3oBanueM cumyiasropa  ModelSim-Altera STARTER
EDITION. IlpeaBaputenbHO €ro HEOOXOAMMO MOAKIIOYHUTH. DTO
OCYIIECTBIACTCS € MOMOIIBI0 MeHIo Assigments/settings/EDA Tool
settings. B mosre Tool name CAIIP TTJIMC Quartus Il Bepcun 11.1
HeoOxoauMo BbIOpaTh cumysstop ModelSim-Altera a B moe
Format Netlist Writer settings ykasarp BbIXOAHOH (opmaT
“nermucra” — s31k VHDL (puc.2.78).

[MpenBaputebHO ~ HEOOXOAMMO  CO3IaTh  TEKCTOBBIH
cueHapuii GpyHKIHOHUpOBaHUs cucToindeckoro KUX-dpumbrpa ¢
UCIIOJIb30BaHUEM CTPYKTypHOro ctuis si3bika VHDL (“tectOeny”).
B kayecTBe MPOMEKYTOYHOTO IAOIOHA, KOTOPBIH HEOOXOIUMO
OTpeIaKTUPOBaTh, MOKHO B3iTh (aitn poly syst main.vht. [{is
3TOr0 HEOOXOAUMO €ro cHOPMHUPOBATH CIACTYIOMIUMHE ICHCTBUSIMU:
meHro Processing/Start/Start Test Bench Template Writer (mpumep
1). Otpenaktupyem o0bekT poly Syst main_vhd_tst koTopsrii
OCHOBaH Ha KommoHeHTe POly Syst main u coxpaHuM €ro mon
umenem test_poly _syst_main.vhd (mpumep 2).

-- Vhdl Test Bench template for design : poly_syst_main
-- Simulation tool : ModelSim-Altera (VHDL)

LIBRARY ieeeg;

USE ieee.std_logic_1164.all;

ENTITY poly_syst_main_vhd_tst IS

END poly_syst_main_vhd_tst;

ARCHITECTURE poly_syst_main_arch OF poly_syst_main_vhd_tst IS
-- constants

-- signals

SIGNAL clk : STD_LOGIC;

SIGNAL out_filtr : STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL out_result_tapl: STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL out_result_tap2 : STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL out_result_tap3: STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL res: STD_LOGIC;

SIGNAL tap_out: STD_LOGIC_VECTOR(3 DOWNTO 0);
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SIGNAL X : STD_LOGIC_VECTOR(3 DOWNTO 0);
COMPONENT poly_syst_main

PORT (

clk: IN STD_LOGIC;

out_filtr : OUT STD_LOGIC_VECTOR(7 DOWNTO 0);
out_result_tapl: OUT STD_LOGIC_VECTOR(7 DOWNTO 0);
out_result_tap2 : OUT STD_LOGIC_VECTOR(7 DOWNTO 0);
out_result_tap3: OUT STD_LOGIC_VECTOR(7 DOWNTO 0);

res: IN STD_LOGIC;
tap_out : OUT STD_LOGIC_VECTOR(3 DOWNTO 0);
X :INSTD_LOGIC_VECTOR(3 DOWNTO 0)
);
END COMPONENT;
BEGIN
il : poly_syst main
PORT MAP (
-- list connections between master ports and signals
clk => clk,
out_filtr => out_filtr,
out_result_tapl => out_result_tapl,
out_result_tap2 => out_result_tap2,
out_result_tap3 => out_result_tap3,
res => res,
tap_out => tap_out,
X=>X
)
init : PROCESS
-- variable declarations
BEGIN
-- code that executes only once
WAIT,;
END PROCESS init;
always : PROCESS
-- optional sensitivity list
- )
-- variable declarations
BEGIN
-- code executes for every event on sensitivity list
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WAIT;
END PROCESS always;
END poly_syst_main_arch;

[Tpumep 1. IllaGmon Tecra cucronmmueckoro KUX-punptpa Ha
s3eike VHDL (poly_syst_main.vht)

LIBRARY ieeeg;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;
ENTITY test_poly syst main IS
END test_poly syst main;

ARCHITECTURE behavior OF test_poly_syst_main IS
COMPONENT poly_syst_main
PORT(
res: IN STD_LOGIC;
clk: IN STD_LOGIC;
X : IN STD_LOGIC_VECTOR(3 DOWNTO 0);
out_filtr : OUT STD_LOGIC_VECTOR(7 DOWNTO 0);
out_result_tapl: OUT STD_LOGIC_VECTOR(7 DOWNTO 0);
out_result_tap2 : OUT STD_LOGIC_VECTOR(7 DOWNTO 0);
out_result_tap3: OUT STD_LOGIC_VECTOR(7 DOWNTO 0);
tap_out: OUT STD_LOGIC_VECTOR(3 DOWNTO 0));
END COMPONENT;
--Inputs
SIGNAL clk : std_logic :='0
SIGNAL res : std_logic :='1"
SIGNAL X_in: STD_LOGIC_VECTOR(3 DOWNTO 0) :="1011";
--Outputs
SIGNAL out_systol_filtr : std_logic_ VECTOR(7 DOWNTO 0);
SIGNAL out_result_tapl : std_logic_vector(7 downto 0);
SIGNAL out_result_tap2 : std_logic_vector(7 downto 0);
SIGNAL out_result_tap3 : std_logic_vector(7 downto 0);
SIGNAL tap_out: std_logic_vector(3 downto 0);
BEGIN

uut: poly_syst_main PORT MAP(
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clk => clk,

res => res,

X =>X_in,

out_filtr => out_systol_filtr,
out_result_tapl => out_result_tapl,
out_result_tap2 => out_result_tap2,
out_result_tap3 => out_result_tap3,
tap_out => tap_out

);
process
begin
clk <=0
wait for 50 ns;
clk <="1"%

wait for 50 ns;
end process;

process
begin
wait for 125 ns;
res <="'0",
end process;
tb : process
begin
wait for 100 ns;
X_in<="1011";
wait for 100 ns;
X_in<="0011";
wait for 100 ns;
X_in<="0001";
wait for 100 ns;
X_in <="0000";
wait;
END process;
END;

[Tpumep 2. Tect cuctonnueckoro KUX-dunptpa Ha s3p1ke VHDL
(test_poly_syst_main.vhd)
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ITocne xommummsiuu B CAIIP Quartus |l mpu Haxkatum
kuonku EDA Gate Level Simulation (MmoxenupoBanue Ha ypoBHE
BEeHTHJICH, BpeMeHHas wmozenab “Slow Model”) aBromarnuecku
JOJDKEH 3amycTuthest cumysstop ModelSim-Altera (na puc.2.75
MUKTOTpaMMa KHOIIKM OTMEYeHa KPAaCHBIM KPY)KKOM). Bo3MOKHBI
JBa BapHaHTa. PaccMOTpUM TIepBBI BapuaHT C CO3JIaHUEM
“rectOeH4a”. [ 3TOrO0 HEOOXOAMMO OTKOMIMJIMPOBATH (aiii
test_poly _syst main.vhd ¢ momomso merro Compile cumynsatopa
ModelSim. Ilocme xommuisiuu B pabodeir OuOmmorexke WOrk
JOJDKHBI ~ TOSBHUTBCSA  jaBa  oObekta  poly Syst main  wu
test_poly syst main (puc.2.79). JIBOMHBIM IICITYKOM MBIIIH 10
oobekty  test_poly syst main  aBromMaTM4eckd  3amyCKarOTCA
pas3JIM4HbBIC BCIoMorarelbHbie okHa (puc.2.80).

CraBuM Kkypcop B okHO Objects, HaxxuMaeMm Ha MpPaBYIO
kHonky Mbimu MeHio Add/To Wave/Signals in Region u B okHe
Wave mosBisercss  CIHCOK — cHTHalioB  mpoekrta.  [lamee
1enecoo0pa3Ho HaCTpouTh OKHO Wave, B KOTOpOM 0TOOpakaroTcs
BPEMEHHBIE  aUarpaMMbl  paboTel  QuiabTpa.  Hakumaem
Simulate\Runtime Options. B mone cucrema cumcnenus (Default
Radix) naxxumaem pagroksonky Decimal, 4ro mo3Bosnsier nepeiitu
OT JJBOMYHOUN CHCTEMbI CUMCIICHUS TIPECTABICHHOM B TECT OEHYE K
necaTUyHOM co 3HakoM. B mome Default Run 3amaem mmar
mozaenupoBanuss 100 ns. IlocnenoBarenbHO HaxuMmas Ha
nuKTOrpaMmy KHOMkH Run ¢ marom 100 NS mosiyyum BpeMEHHBIC
muarpammbl - pabotsl  KUX-¢punsrpa (puc.2.80). CpaBHuBaem
MOJYYCHHBIC pe3ylIbTaThl C BPEMEHHBIMH JHarpaMMaMH Ha
puc.2.77 yoexmaeMcs B TPaBUIBHOCTH PaOOThI CHCTOJIUYECKOTO
KNX-¢punsrpa Ha 4 otBoaa B 6azuce [TJIMC Cyclone .
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File Edit View Compile Simulate Add Library Teoeols Layout Window | Help

(1o G i ! Dlo-AEBE| Sn R

Layout [NoDesign b |J ColumnLayout [11Cclumns

1] o wo| m| wu |

Type Path
= work Library gate_work
+HE] poly_syst_main Entity C:\Quartus-Proekt_12\Systolic FIR _altera\simulation\modelsim/syst_fir.vho
=HE] test_pely_syst_main Entity C:/Quartus-Proekt_12/Systolic FIR _altera/test_poly_syst_main.vhd

=+l gate_work Library C:fQuartus-Proekt_12/Systolic FIR_alterafsimulation/modelsimfgate_work
=l rt_work Library C:fQuartus-Proekt_12/Systolic FIR_altera fsimulation/modelsim/ril_wark

+ 220model Library $MODEL_TECH/. . falterafvhdlj220model
=) 220model_ver Library SMODEL_TECH/. . /altera/verilog/220model
+Hl) altera Library SMODEL_TECH/.. /alterajvhdlfaltera
=il altera_Insm Library SMODEL_TECH/. . /alterajvhdlfaltera_Insim
+Hill} altera_Insim_ver Library SMODEL_TECH/.. /alterajverilog/altera_lnsim
w4l sltera_mf Library SMODEL_TECH/.. /alterajvhdlfaltera_mf

<l _alters mf wer Library SMONFI_TECH/. . [alteradverilon /altera_mf |
<] | S
B Transaipt ————————————— e
4 —— Compiling entity poly_sysSt_main -
4 -- Compiling architecture structure of poly syst_main
#
#
vocom —reportprogress 300 -work work [C:/Quartus-Proekt_l2/5Systolic FIR altera/test_poly sSyst m
ain.vhd}
# Model Technelegy ModelSim ALTERA wveom 10.0c Compiler 2011.09 Sep 21 2011
4 —— Leoading package STANDARD

4 —— Leoading package TEXTIO

# -- Loading package std_logic_1164

# -- Loading package std_logic_arith

# -- Loading package STD_LOGIC_UNSIGNED

4 -- Loading package NUMERIC_SID

# -- Compiling entity test_poly syst main

# -- Compiling architecture behavior of test_poly syst_main
ModelSim:= =
[<to Design Loaded > [<no context> [ A

Puc.2.79. Coznaercst pabouast OubmroTeka WOrk, B KoTopyro nomemiaercs a 00beKTa
poly syst_main u test_poly syst_main
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PaccMoTpuMm BTOpOW BapuaHT, 0€3 HCIOJIb30BAHUS TECT
Oenya. Jlins aToro Oymem mcmoias3oBaTh (aiia poly syst main.vhd
a 3aJlaHie Ha MOJEIMPOBaHHE CHOPMHUPYEM HEMOCPEICTBEHHO B
BEKTOPHOM pemakrope (okHO Wave) ¢ HOMOIIBI0 CreHaaIbHbIX
unctpymentoB Clock u Force. JIBOMHBIM IEITYKOM MBIIIH 10
o0bekTy poly_syst_main aBromMaTHuecKH 3aIlyCKarOTCs pa3invHbIC
okna. CtaBuM Kypcop B okHOo ODbjects, kak ¥ B EpBOM BapHaHTE,
Ha)KMMacM Ha MpaByld KHONKY Mbimu  MeHio  Add/To
Wave/Selected Signals u BbiOMpaeM TOJIBKO HHTEPECYIOIIUE HAC
CHTHAJIBI.

B oxue Wave Boibupaem cunxpocuraai Clk u Haxxumaem Ha
npaByl0 KHOMNKY MbIid, Beioupaem Menio Clock. B oxue Define
Clock B momsix 3amaercs mepwoa cuuxpocurrama - 100 ns,
k03 durenT 3anonueHus - 50, YpOBHU JOTMYECKOW €IMHHUIBI U
HYJIA, PaJMOKHOIKOW BbIOMpaeM aKTHBHBIM MEpEAHU (PPOHT
cuaxpocurnana (puc.2.81).

7] Define Clock

Clock Name
|sim :/poly ayst mainfclk

offset Duty
o [s0

Period Cancel
[100 |

Logic Values
High: |1 Low: |l’J
First Edge
¢ Rising " Falling
OK Cancel

Puc.2.81. OkHO HacTpoO#KH TaKTOBOTO CHHXpocurHaina Clk

Curnan acMHXpOHHOTO cOpoca reS (aKTHBHBIA — BBICOKHIA
YPOBEHb) BHYTPEHHUX PETUCTPOB MPOIECCOPHBIX AIEMEHTOB
3a/1alUM PaBHBIM HYJIO C TIOMOIIBIO MEHIO FOrce (nmeictBue Haj
curHajioM). PairokHomnko# oTMeyaeM BU ACHCTBUS HaJl CUTHAJIOM
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Freeze (“3samopoxkenHsblii’”), B moje Value 3agaaum JOrHYECKUI
HOJb, T.€. Ha BCEM BPEMECHHOM NPOMEKYTKE MOJICIHPOBAHUS
curHai copoca res 0yner He akTUBHBIM (puc.2.82).

=]

[] Force Selected Signal

Signal Mame: ‘slm :/poly_syst_main/res

Value: ‘D

@ Freeze " Drive  { Deposit
Delay For: |0
Cancel After:
oK Cancel

Puc.2.82. Hacrpoiika cursaia copoca res

Jlanee BbIOMpaeM curHanm X W C IOMOIINBIO MeHIO Force
3aJaeM JecsITHYHOEe 4YHcio -5 (puc.2.83). 3areM Haxxumaem Ha
MUKTOTpaMMy KHOMKK RUN A7ist ocylecTBIeHUsT MOJESIUPOBAHUSI C
miarom 100 ns. Jlanee OyneM W3MEHSTh TOJBKO 3HAYCHUS,
nocTymammue Ha Bxod X ¢ TOMOIIBIO MeHio Force wu
MOCNeI0BaTeIbHO HAXXMMaTh Ha KHONKY RUN 10 momydeHus
HYXXHBIX OTKJIHMKOB (mpumep 3 u puc.2.84). 3amanue i
MoJieupoBaHusl (mpumep 3) MOXXKHO HCHOJIb30BaTh, MOBTOPHO
COXpPaHUB B TEKCTOBBIH (aii.

ﬁ Force Selected Signal

Signal Mame: |sim :/poly_syst_main/X

Value: |—5
Kind

* Freeze  ( Drive { Deposit

Delay For: [0
Cancel After:
OK Cancel

Puc.2.83. Hactpoiika curnana X
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# Simulation Waveform Editor - [syst_fir.sim.vwf (Read-Only)]

Master Time Bar:

File Edit WView Simulation

Help

__=‘)
[R&L 5 & A 2 0T 0 I 8 12 iR | a8 w¥ 2 |[=])8%
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Puc.2.85. Bpemennsie auarpammsl paboTsl cuctonnueckoro KMX-¢punsrpa Ha 4 oTBOsIA C

OJTHOTUTTHBIMU TIporieccopHbIME eMeHTaMu B CATIP TTJIMC Quartus Il Bepcun 13.0




force -freeze sim:/poly_syst_main/res 0 0

force -freeze sim:/poly_syst_main/clk 1 0, 0 {50000 ps} -r {100 ns}
force -freeze sim:/poly_syst_main/X -5 0

run

force -freeze sim:/poly_syst main/X 30

run

force -freeze sim:/poly_syst main/X 10

run

force -freeze sim:/poly_syst_main/X 00

[Tpumep 3. 3amanue 1151 MOACTUPOBAHKS U3 OKHA Transcript

B 3akmroyeHne xoueTcst OTMETUTb, 4TO B Bepcuu 13.0 BHOBb
NOSIBUWICS BCTPOEHHBIM BEKTOPHBIM pENakTop € COOCTBEHHON
cucreMoil mozaenupoBaHusa. Co3laTh BEKTOPHBIA (aill MOXKHO C
nomonipio MeHto File/New/Verification/Debugging Files/University
Program VWF. 3anmyck MoOJeNMpOBaHUS  OCYIIECTBIISETCS
HermocpeAcTBeHHO u3 okHa Simulation Waveform Editor ¢
nomompio MeHto Simulation/Run  Functional Simulation. Ha
puc.2.85 MOKa3aHbl ~ BpPEMEHHbIE  JauarpamMmbl  paOoOThI
cucronmyeckoro KUX-punsrpa Ha 4 otBoma B CAIIP TIIMC
Quartus Il Bepcun 13.0. IIpoekt pazmemen B [IJIMC cepun MAX
I

Hcnonp3oBanue TekcToBOro creHapus Ha s3pike VHDL
coBMecTHO ¢ cumymsitopom ModelSim-Altera Free mozBomnsier
MIOJIb30BATENIO OTJIAKUBATh CJIOXKHBIE TPOCKTHI B KpaT4auIme

CPOKH.

208



3. MNIPOEKTUPOBAHUE HU®POBBIX ABTOMATOB
HA SA3BIKE VHDL JJIs1 PEAJIM3ALIMA B BASUCE IIJIUC

3.1. IlpoexTupoBanue nudpoBbIX aBTOoOMaTOB Mypa,
Muin mo AuarpaMMam mnepexoaon

B psme cnydaeB aBTOMaTHas ~Mojelb  (ONMUCAHUE)
YCTPOMCTBAa TMO3BOJISIET TMONYYUTh ObICTPYI0 U 3(deKkTuBHYIO
peanu3aluio  MOCIEeI0BATEIBHOCTHOTO  ycTpoiicTtBa.  OOBIUHO
paccMaTpuBarOT [Ba THIa aBToMaToB — aBroMar Muiu (Mealy) u
Mypa (Moore). Koneunsie aBTOMaThl HMIMPOKO HCHOIB3YIOTCS B
pa3in4YHbIX MHU(POBBIX CUCTEMax M YCTPOMCTBaX, OCOOCHHO B
KOHTpoJulepax. Beixon aBromata Mypa sBisercs (yHKIuen
TOJILKO TEKYIIErO COCTOSIHUS, BBIXOJl aBToMaTa Muiu — QyHKIus
KaK TEKYIIero COCTOSHUS, TaK M HAYaJIbHOTO BHEIIHETrO
Bo3zielicTBUS. OOBIYHO KOHEYHBIH aBTOMAT COCTOUT U3 Tpex
OCHOBHBIX YacTeil:

Peructp Tekyiero cocTosHusl. DTOT PETUCTP MPEICTABISAET
coboii Habop TakTHpPyeMbIX D-TpUTTEpOB, CHHXPOHU3UPYEMBIX
OJTHUM CHHXPOCHTHAJIOM, HCIOJb3yeMbIH JJIsi XpaHECHUs Koja
TEKYIIET0 COCTOSIHUS aBToMmara. J[isi aBroMarta ¢ N COCTOSHUSIMH
Tpebyercst Log,(n) Tpurrepos;

Jloruka  nepexomoB. KoHEuHBIH  aBTOMAaT  MOXET
HAXOJIUTHCS B KaXJIbI KOHKPETHBII MOMEHT BPEMEHH TOJIBKO B
OJTHOM COCTOSHMM. KakIplii TaKTOBBIH HMITYJIBC BBI3BIBACT
MepexoJl aBToMaTa M3 OJHOTO COCTOSHHUS B Apyroe. l[IpaBuia
nepexo/ia ONpenesstoTCs KOMOMHAIMOHHON CXEMOM, Ha3bIBaeMOi
Jorukoil mepexoqoB. Crenyroiiee COCTOSIHHE OMpeneNsieTcs Kak
(YHKIIHS TEKYIIETO COCTOSHUS U BXOJHOTO BO3/ICHCTBUS;

Jloruka QopmupoBaHus BbIXona. Bwixoa mmdpoBoro
aBTomMara OOBIYHO Ompefensercs Kak (QYHKIUS —TEeKYyIIero
COCTOSIHMSI M WCXOJIHOW YCTaHOBKHM (B ciydae aBToMata MWUIn).
®dopMHUpOBaHUE BBIXOJHOTO CHTHAJla aBTOMAara OMPEACISIeTCsS ¢
MOMOIIIBIO JIOTUKH (POPMUPOBAHHSI BHIXO/IA.
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B kauwectBe mpHMepa pacCMOTPHM TPOCKTUPOBAHHE
NPOCTEUIIET0 CHHXPOHHOTO aBTOMara, KOTOPBIH (OpMHpYET JBa
HemepekphIBaomuxces umiyiasca Outl w Out2 B oTBer Ha
nosiBjieHne curHasia Run Ha BXoxe aBtomara (puc.3.1l, a).
[ToTHOCTBIO CHHXPOHHBIN KOHEUHBIH aBTOMAT UCIIOJIb3YET PETHCTPHI
JUTsl (PUKCAIIUH BCEX BBIXOJHBIX CUTHAJIOB YITPABJICHUS U COCTOSHHH,
a TaKKe JUIl ACHHXPOHHBIX BXOJHBIX CUTHAIOB. ClieyeT 3aMEeTUTh,
YTO CHUHXPOHHBIC KOHEUYHBIC aBTOMATBl IO OBICTPOJCHCTBHIO
YCTYIAIOT ACHHXPOHHBIM KOHEYHBIM aBTOMATaM.

(D" /N 1!

Outl

Bun

=— [ Lde Y, Eun Done\ Y5
ez

Puc.3.1. I'pad-aBTOMAT MPOSKTHPYEMOTO YCTPOMCTBA

Mertka, pacnosoxKeHHasi B KaXKI0M Kpyre BbIILIE JIUHUY, - 3TO
UMSI COCTOSIHMSA, @ METKU HMKE JIMHUN - 3TO BBIXOJHBIE CUTHAJbI,
KOTOpPBIE BBIJIAIOTCS, KOTJa JIaHHOE COCTOSHME aKTHUBHO. “Ilyru”,
KOTOPBIE BO3BPAILIAIOTCS B TO K€ CAMOE COCTOSIHUE, - 3TO MEPEXOBI,
KOTOpble pPa0OTalOT MO YMOJYaHUIO. ODTU JAyru OyayT HUMETh
VCTUHHBIE 3HAYEHUS TOJBKO B Ciydae, Korjaa He OyneT UCTHHHBIX
3HA4YEeHUH JPYyrux ycjaoBUHM IepexonoB. Kaxoe ycimoBue nepexona
U3 COCTOSIHHSI B COCTOSIHME, UMEET COOTBETCTBYIOLIEE JIOTHYECKOE
yCJIOBHE, KOTOPOE JI0JKHO BBITOIHSTHCS, YTOOBI KOHEUHBIN aBTOMAatT
MOT TIEPEUTH B CIIEIYIOIIEE COCTOSHUE.

Asrtomat npunHuMaet ueTeipe cocrosaus: Idle, Delay, Next,
Done (puc.3.1, a). Bocmomb3dyemMcs METOJIOM JIBOUIHOTO
KOJAUPOBAHUS COCTOSTHUIM, KOTOpPBIH OOECHeunBaeT BBICOKYIO
CTENEHb KOJHMPOBAHUA IOCIEIOBATEIIBHOCTH COCTOSTHUM. Jliid
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KOJAMPOBAHUS COCTOSHUN MOTpeOyeTcs aBa Tpurrepa. 3amnuiuem
OyJeBbI JIOTUYECKUE YPABHEHHUS:

Idle=S0*S1; Delay=S1*S0; Next = S1*S0;
Done=S51*S0; SO0:=(ldle,Run) + Delay;
S1:= Delay + Next + (Done, Run);

Outl:= Idle,Run; Out2:= Next.

CumBon = o0Oo3HayaeT KOMOWHAIIMOHHYIO CXEMY,
OTBETCTBEHHYIO 3a TIEpeXOJ] MO COCTOSHHSM, a CHMBOJ =
0003HayaeT TPUITEPHBIH BBIXOJ, HEOOXOMUMBIH A XpaHEHUs
KO/Ia TEKYILEro COCTOSIHMsS aBTOMaTa M BbBIXOJHBIX CHUTHAJIOB.
Cxema, noctpoeHHas o OyneBbiM ypaBHeHusiMm B CAIIP IIJIMC
Quartus Il pupmsr Altera, mokasana Ha puc.3.2.

Ha puc.3.3 nokas3aHbl BpeMEHHbIE JHarpaMMbl pPabOTHI
aBTOMaTa.  YpaBHeHME JUIl  BbIxogHoro curHama  Outl
npezcTaBisieT co0oi (YHKIUIO, KaK COCTOSHHS, TaK M BXOJHOTO
curHana Run. Koneunslil aBToMaT ¢ TakuM BHJIOM CTPOOMPOBAHUS
BBIXOJIOB Ha3bIBaeTcs aBTOMaToM Mwin. VYpaBHeHHE JUIs
BbIXOJHOrO curHama Out2 3amMchiBaeTcsi Kak (DYHKIMS TOJBKO
COCTOSIHUSI aBTOMAaTa, YTO COOTBETCTBYET CTPYKType aBTOMara
Mypa. [Ina aBToMaToB Muiu yJo0HO NpEACTaBIATh JUarpaMMbl B
npyrom Buze (puc.3.1, 0).

PaccmoTpum npoektupoBanue aBromara Munu (nmpumep 1)
Ha sa3pike  VHDL ¢ BBICOKOW  cTenmeHbIO  KOAMPOBAHUS
MOCJIEI0BATEIbHOCTEH COCTOSIHUM (JBoMYHOE KoaupoBanue). Ha
puc.3.4 moka3aHa JuarpaMma IepexojoB aBToMaTta (rpad -
aBToMaT). Ha puc.3.5 mpencraBneHa tectoBas cxema (‘“‘depHbIi
AMMK”’, (YHKIMOHUPYIOUIMHA COTJIACHO OMNHMCAHUIO Ha  SI3bIKe
VHDL) npoektupyemoro aBromara.
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Detay

ST G

e Fun

Puc.3.2. Cxema KOHEYHOTO aBTOMATa, TIOCTPOSHHOTO 10
JIOTUYECKUM YPaBHCHUAM

N Walue at i i 1 i i i
ame £5.0ns

Res B0

clk BN L1 rie i r i rerri

Aun B0
B0
51 B1
outl BEO
out2 BO

[e[efe[e[e[8[®

Puc.3.3. BpCMCHHHC AuarpaMmal pa6OTBI KOHCYHOI'O aBTOMATa

Kaxxnoe cocTossHME KOHEYHOrOo aBTOMaTra KOJIUPYETCS C
UCIIOJIb30BAHUEM TpPEX TPUITEPOB, NPEACTABISAIOIINX JIBOUYHbBIE
3HaueHus B auanaso”e ot 000 mo 0100. BpemeHHbIe auarpaMmbl
paboThl  MpOEKTUpyeMoro aBToMaTa Mwuim, mepexoa 1o
cocrosnussm STO, ST1, ST2, STI, nokasansl Ha puc.3.6.
Hcnons3yetcst Tpex mpoueccopHblil mabdnon. Ha puc.3.7 nokaszan
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nepexon mo cocrosamsmM STO, ST2, ST3, ST4, a nHa puc.3.8 -
nepexon o cocrosiausm STO, ST4, STO, ST1.

LIBRARY ieee; USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;
ENTITY mealy IS
PORT(clock, reset : IN STD_LOGIC;
data_in: IN STD_LOGIC_VECTOR(1 downto 0);
data_out : OUT STD_LOGIC);
END mealy;
ARCHITECTURE a OF mealy IS
TYPE state_values IS (st0, stl, st2, st3, st4);
signal state, next_state: state_values;
BEGIN
-- perucTepHsIii 070K
statereg: process(clock,reset)

begin
if (reset = '0") then state<=st0;
elsif (clock'event and clock="1") then
state<=next_state;
end if;

end process statereg;

-- KOMOMHATOPHBIH 0JI0K (JIOTHKA TIEPEX0I0B)
process(state, data_in)

begin

case state is

when st0=>

case data_inis

when "00"=>next_state<=st0;
when "01"=>next_state<=st4;
when "10"=>next_state<=st1,;
when "11"=>next_state<=st2;
when others => next_state<=st0;
end case;

when st1=>

case data_inis

when "00"=>next_state<=st0;
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when "10"=>next_state<=st2;
when others => next_state<= stl;
end case;

when st2=>

case data_in is

when "00"=>next_state<=st1;
when "01"=>next_state<=st1;
when "10"=>next_state<=st3;
when "11"=>next_state<=st3;
when others => next_state<= st2;
end case;

when st3=>

case data_in is

when "01"=>next_state<=st4;
when "11"=>next_state<=st4;
when others => next_state<=st3;
end case;

when st4=>

case data_in is

when "11"=>next_state<=st4;
when others => next_state<=st0;
end case;

when others => next_state<=st0;
end case;

end process;

-- TIOoTUKa (DOPMHUPOBAHUS BHIX0]1a
process (state, data_in)

begin

case state is

when st0=>

case data_in is

when "00"=>data_out<="'0";
when others => data_out<="1",
end case;

when stl=>data_out<="0";

when st2=>

case data_inis
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when "00"=>data_out<='0";
when "01"=>data_out<='0";
when others => data_out<="1";
end case;

when st3=>data_out<="1"
when st4 =>

case data_in is

when "10"=>data_out<="1",
when "11"=>data_out<="1",
when others => data_out<="0";
end case;

when others => data_out<="0";
end case;

end process;

end a;

ITpumep 1. Kox s3p1ka VHDL aBTomMara Mumnu

000

Puc.3.4. I'pad nmepexo0B mpoekTHpyeMoro aBTomaTa Muiu
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clack
clata_out BT .

reset data_out

clata_in[1..0]

Puc.3.5. TecroBas cxema mpoeKTUpyeMoro apromara Muiu

|Namg; _Valug L WD.IDns QD.IDns SD.IDns JJD.IDns 50 pns =il IDns

= reget 1 i

5= clock 1 T [ ] [ ]

i®= data_in(1.0] | B10 | 00 0 | ot 10
data_out 0 4,_‘ ’—\—

dV |mealyfistate| HO 0 1 J 2 i i

Puc.3.6. Bpemennas quarpamma paboThl IPOSKTUPYEMOTO
aBromara Muu (iepexon o coctosiausim STO, ST1, ST2, ST1)

Mame Walue l 10 IDns; QD.IDns SD.pns 40 IDns SD.IDns Bﬂ.pns
= reset 1 T
= clock 0

e oaanl0) | BUO[ OO} 10 ¥ om0 F 0 f oo} m
=0 data_out 0

@V [mealyBlstate| HO 0 2 I 3 [ § '
Puc.3.7. Bpemennas auarpamMma paOoThl IPOEKTUPYEMOTO
aBToMaTa Muu (mepexoj o cocrosiausim STO, ST2, ST3, ST4)

Marme: “alue: l 1D.|Dns QU.IUHS 3D.|Dn5 40 Qns SD.IDns BU.IUI’]E;

= reset 1 “J

= clock o [ ] ]
Secatain[10] | B0 [0 ¥ o ¥ w0y 1w f o0y 0 ¥ m E
= data_out 0 ’—| |—| ’—|

&V |meslyBlstate| H1 i X 4 X 0 X 1

Puc.3.8. Bpemennas auarpamMma paOoThl IPOEKTUPYEMOTO
aBToMaTta Muu (mepexop o cocrosiausim STO, ST4, STO, ST1)
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PaccmoTpum mpoekTupoBaHue aBromata Mypa (mpumep 2)
Ha s3eike VHDL. Ha puc.3.9 moka3zana BpeMeHHas auarpaMma
paboThI MPOEKTUPYEMOTO aBTOMATA.

LIBRARY ieee; USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;
ENTITY moore IS

PORT(clock,reset . INSTD_LOGIC;
data_in :INSTD_LOGIC_VECTOR(1 downto 0);
data_out : OUT STD_LOGIC);

END moore;

ARCHITECTURE a OF moore IS

TYPE state_values IS (st0, stl, st2, st3, st4);
signal state, next_state: state_values;
BEGIN

-- OJIOK perucTpoB

statereg: process(clock,reset)

begin

if (reset = '0") then state<=st0; elsif (clock'event and clock="1") then
state<=next_state; end if;

end process statereg;

-- KOMOMHATOPHBIH 0JI0K (JIOTHKA TIEPEXOI0B)
process(state, data_in)

begin

case state is

when st0=>

case data_in is

when "00"=>next_state<=st0;

when "01"=>next_state<=st4;

when "10"=>next_state<=st1,;

when "11"=>next_state<=st2;

when others => next_state<=st0;

end case;

when st1=>

case data_inis

when "00"=>next_state<=st0;

when "10"=>next_state<=st2;
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when others => next_state<= st1;
end case;

when st2=>

case data_in is

when "00"=>next_state<=st1;
when "01"=>next_state<=st1;
when "10"=>next_state<=st3;
when "11"=>next_state<=st3;
when others => next_state<= st2;
end case;

when st3=>

case data_in is

when "01"=>next_state<=st4;
when "11"=>next_state<=st4;
when others => next_state<=st3;
end case;

when st4=>

case data_in is

when "11"=>next_state<=st4;
when others => next_state<=st0;
end case;

when others => next_state<=st0;
end case; end process;

-- TIOTUKa (DOPMHUPOBAHUS BHIX0]1a
process (state)

begin

case state is

when st0=> data_out<="1",

when st1=> data_out<='0";

when st2=> data_out<="1";

when st3=> data_out<="1";

when st4=> data_out<="1";

when others =>data_out<='0;
end case; end process;

END a;.

[Tpumep 2. Kon sizpika VHDL aBromara Mypa
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Mame ,__Valuel 25.|Dns SD.IDns FS.IDns 1DDIDns 125.‘Dns WSD}Dns 1?5.‘Dns X

M)

1=}
= reset 1

i
= clock o LT T T T T
B data in[1.0) | B11 [ f01f00 0000y 0§ 11 Yooy or ) i
|

=i data_out 1

Wmoedstatel H3 [0 4 0 ¥ 1 Y2 3 Y4 1

Puc.3.9. Bpemennas quarpamMma paboThl IPOEKTUPYEMOTO
aBTOoMaTa Mypa (mepexon o cocrosiausim STO, ST4, STO, ST1)

3.2. KO}II/IpOBaHI/Ie C OITHUM AKTUBHBIM COCTOSIHHECM

3.2.1. Ucnosib30BaHMe “pPyqYHOro” cnocoda KoAUPOBAHUSA
cocTosiHuii unpoBoro apromara

Meron one hot encoding, (OHE - koaupoBaHHe ¢ OJHHM
AKTHBHBIM, WM TOPSIYMM COCTOSIHUEM WIJIM YHUTAPHOE KOJMPOBAHUE)
IOJyYHJI TaKO€ Ha3BaHUE ITIOTOMY, YTO B KaXJIbli KOHKPETHBIN
MOMEHT BpeMeHH akTUBHBIM (hOt) MOKeT OBITh TOJBKO OJHH
tpurrep cocrostuus. [Ipumenenne meroga OHE mns [IJIMC no
apxutektype IIIIBM  (mporpammupyeMble  IOJIb30BaTeIeM
BEHTUJIbHBIC MaTpPHUIBI, B 3apyOexHoit ab0peBuarype FPGA) Obu10
npenoxkeHo kommnanueit High-Gate Design.

[locTtpoeHne KOHEYHOro aBTOMaTa C HCIOJIb30BAaHUEM
metona OHE, ocymecTBiisieTcst o cieayroiieil METOAMKE - BHaYaie
JUI  OTOOpaKEHUSI KaXJOr0 COCTOSHUSI aBTOMara BbLAEISETCS
WHAMBUIYaIbHBIM TpUITEpP, a 3aTeM OpraHM3yeTcs CXeMa,
MO3BOJISIIONIAS B KaXKAblH KOHKPETHBIH MOMEHT BPEMEHHU TOJIBKO
OJTHOMY COCTOSIHUIO ObITh aKTHBHBIM.

Paccmorpum KOHEYHBIN aBTOMAT Mypa,
MpeaycMaTpUBAIOIIMKA, CEMb pa3JIMYHbIX cocTosHui. [locTponm
rpad-aBTomMaT mpoekTupyeMoro ycrpoiicta (puc.3.10). ABTomar
MEPEXOIUT M3 COCTOSHUS B COCTOSIHME IO MEeperHeMYy (PpOHTY
CHHXPOUMITYJIbCA, KOTOPBII OTMEYEH “KpecTuKoOM”.
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Hepapxuueckas 0G10K-cxema aBTOMaTa, COCTOsIIas U3 7 OJIOKOB
S1-S7 u noruku popmupoBanus Beixoaa, B CAIIP ITJIMC Quartus
Il komnanuu Altera mokasana Ha puc.3.11.

B npumepe umeercst cemb coctosiauii (Stagel-7), kaxpiid 010k
OTBETCTBEHEH 3a (POPMHUPOBAHKS CBOETO COCTOSHUSI, HANPUMEP OJI0K
S1 orBeuaer 3a popmupoBanue cocrosius 1. Bee torndyeckne BXo bl
MOMEYAIOTCsl Kak repeMeHHbie oT A 10 E. BbIXomasl KOHEYHOTo
aBromara HocsaT HasBanus Multi, Contig u Single. B mannom
pUMepe COCTOSIHUE 1, B KOTOPOM JOJDKEH HAXOIMTHhCS KOHECUHBIN
aBTOMAT TIPY BKJIFOYCHUU TMTaHHS, UMEET CTPYKTYpPY TPHITEpa C
nBymMst uaBepropamu (cxema S1, puc.3.12).

LFBHC T
¥ Cocromme 2
Multi

Cocromrme 1 3/ Cocromme 3

Contig

Cocromme T

Cocromme 4
Contig, Multi

/ Coctomeme 6
Cnnhg,Smgle. a

Puc.3.10. I'pad-aBTOMaT NPOEKTUPYEMOTO YCTPOHCTBA

s Toro 4ToOBl KOHEUHBIH AaBTOMAT TMPH BKIIOYEHUU
MATAaHUSl BCETJa NPUHUMAT M3BECTHOE HAYaJIbHOE COCTOSHUE,
BBIXOJl TPUTTEPA COCTOSIHUS | MHBEPTUPYETCS, @ YTOOBI 00ECIIEUUTh
JIOTHYECKYI0 HEMpPOTUBOPEYMBOCTh, BXOJHON WH(GOPMAIIMOHHBIN
CUTHAJl JTOT0 TpUITEpa TaKXKe HWHBEpTUpYeTcs. Takum 00pazoMm,
cocrosiHMe | B HaYalbHBIA MOMEHT BPEMEHHM NPUHUMAET 3HAYECHHE
JIOruuecKor eauHuLe. [{st Bcex Apyrux cOCTOSHUMN 2-7 UCTIONb3YeTCs
D-tpurrep ¢ acMHXpPOHHBIM COpPOCOM, TaKTUPYEMBIH (PPOHTOM
CHHXPOCHUTHAJIA.
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ABTOMAaT CHPOEKTUPOBAH TaK, 4YTO AKTUBHBIM HU3KUU
ypoBeHb curHall RSTG (ryoGanbHBI COPOC COCTOSHUK BCETO
aBTOMara, KpOMe COCTOSIHUSA 1) B HA4UaJbHBI MOMEHT cOpachIBaeT
cocrosiaus 2-7 (S2-S7) B HOJIb, a cocTossHuE 1 OyIeT HAXOUTHCS B
equanie. [anee cmrman RSTG pomkeH Bcerma ocTaBaThCs
gorudeckod 1. B ciydae eciM KOHEYHBIM aBTOMAaT BCE JKE
OKa)XeTCs B HEIOIYCTUMOM COCTOSIHUH, HAIIPUMED, B COCTOSIHUE 3,
TO C MPUXOJOM CJEIYIOIIEro MepeaHero GpoHTa CHHXPOUMITYJIbCA
Oyner ycraHoBieHO coctossaue 4. CocrosHue 4 cOpocUT
cocrossare 3. CocrtosiHue 4 MOXKET COPOCHTh M COCTOSHUE 2.
CocrosHue 5 cOpacwiBaeT cocrosinue 4, cocrosinue 6 copacbiBaeT
cocTosiHUE 5, cocTosiHue 7 cOpachlBaeT COCTOSHUE 6, a COCTOSTHUE
1 copocut cocrostue 7. Takum 0O6pazom, AJsi IPaBUIBLHOM paObOThI
KOHEYHOTO aBTOMaTa JOCTaTOYHO €ro OJUH pa3 cOpoCUTh C
noMmomiplo curganza RSTG, a pmamee aBromar, Iiaras IO
COCTOSTHUSIM CIIOCOOEH caM MX COpachIBaTh.

[Tocnme TOro Kak YCTaHOBJEHBI HadallbHbIE COCTOSHHUS,
HEOOXOAMMO TOCTPOUTH JIOTMKY TIepexoja B  CleAyloliee
cocTosiHUE. BHauane MOJICUMTBHIBAETCS YMCIO YCIOBUM IEPEXOIOB,
BEIYIIMX K JTaHHOMY COCTOSIHUIO, U JTOOABJSETCS ellle OJUH MYTh,
€CIIM YCIIOBHE TIO0 YMOJYaHHUIO JIODKHO OCTaBJSTh KOHEUHBIN
aBTOMAT B TOM >K€ CAMOM COCTOSIHMU. Jlanee CTpOUTCS JIOTUUECKUA
BeHTWIb MJIM ¢ 4nMcaoM BXOIOB, paBHBIM YHUCIY YCIOBHMA
MIEPEX0/I0B, ONPEJICTICHHBIX PaHee.

Hanee, nna xaxnoro Bxonma BeHTwis WMIJIM  crpoutces
JOTUYECKUI BEeHTWIH M, BX0JJaMU KOTOPOTO CITYKaT MPeIbIIyIne
COCTOSIHUS ¥ €rO JIOTHKa ycloBus. Eciiu Mo yMOmT4aHUIO0 KOHEYHBII
aBTOMAT JOJDKEH OCTaBaThCsi B TOM JK€ CaMOM COCTOSIHUH,
CTPOUTCSl JIOTUYECKUN BEHTWIb U, BXOJaMHU KOTOPOTO CIIy>KaT
JAHHOE COCTOSIHUE W oOpaTHas BENUYMHA BCEX BO3MOXKHBIX
YCIIOBUM MEPEX0I0B, UCXOASIINUX U3 JAHHOTO COCTOSIHUSL.

UroObl OMpefenuTh YHUCIO YCIOBUW TEPEXOJ0B IS
cocrosiHus 1, paccMoTpuM rpad-asromar. M3 puc.3.12 BumHO, 4TO
cocTosiHue | wuMeeT OAMH Tepexol OT COCTOSHUS 7, Korjaa

223



nepeMeHHass E wuctunHa. [lpyroil mepexom - 3TO YCIOBHE MO
YMOJTYaHHIO, BemyIiee B coctosinue 1. Takum oOpazom, coctosiHue 1
MMeEeT JiBa ycioBusl nepexonoB. [lociae 3Toro MOXHO MOCTPOUTH
JIBYXBXOZI0BOM Jlornueckuii BeHTuiib 2NJIN - ¢ omHuM BXoa0M AJist
YCJIOBUSA IIepexoaa OT COCTOSIHUS 7, a JPYruM Jylsl TIepexojia Io
YMOJTYaHHIO0, YTOOBI OCTaBaThCSI B COCTOSTHUY 1.

Crnenmyromuii mar - 3T0 MOCTPOSHUE JIOTUKUA TEPEXOI0B JIst
nagaoro BeuTwia 2UJIN. Kaxneii Bxon Bentwia 2MJIM ectw
norudeckas QyHkuus W, mpenpiIynero COCTOSHHSIT W JIOTHKH
nepexonoB coctosiHus 1. Hampumep, coctostHue 7 mocTtynaer Ha
BXoJ cocTosHus 1, xkorma E umMeeT ucTHMHHOE 3HAYeHHE. IJTO
obecrieunBaeTcs Py MOMOIIIHM JIormdeckoro BeHtuias 21 (puc.3.12).
Bropoii Bxox Bentmna WJIM - mepexonx mo ymOnI4aHHIO, KOrjaa
KOHEYHBIM aBTOMAT JOJDKEH ocTaBaThcd B cocTtosiHMM 1. Ecim
TEKYILIEe COCTOSIHUE €CTh COCTOSIHUE 1, M HET yCIOBUM NEpeXOo0B,
BBIXOJSIIMX M3 COCTOSIHMS 1, KOTOpbIE WMCTUHHBI, TO KOHEYHBIH
aBTOMAaT JIOJDKEH ocTaBaTthcs B coctostHMM 1. CocrostHme 1 Ha
JUarpaMMe COCTOSIHUM HMMEET JBa HUCXOJSIIHUX  YCIIOBHUS
nepexo1oB (puc.3.12).

IlepBblii mepexon sABISETCS JIEHCTBUTENBbHBIM, KOTIJa

uctuaHo ycioBue (ABC), m Bemer B cocrosHue 2. Bropoi
NEPEX0/l, BEAYUINI B COCTOSTHUE 4, SBIISAETCS AEUCTBUTEIbHBIM ITPH

uctuHHOM 3HaueHun yciousi ( ABC). Jlormka mo ymondaHuio -
3T0 ¢yHkuus W ang coctosHus 1 oOpaTHONW BeIMUYMHBI BCEX
YCJIOBUHM MEPEX00B, UCXOAANIMX U3 COCTOsAHUS 1. DTa noruyeckas
GyHKIMS peanu3yeTrcs C  HCIOJIb30BaHWMEM BeHTwis 2M ¢
UHBEPTOPOM HA OJHOM M3 BXOJIOB M JIOTHUECKUX 3JIEMEHTOB,
(OpMHPYIOLINX CUTHAN Ul MHBEPTUPYIOIEro BXojaa BeHTHis 21U
(puc.3.12). KomOunanmonnast JIOTHKA obecrieunBacT
JIEKOJTUPOBAHME C YYETOM BXOJHBIX CUTHAJIOB U CUTHAJIa 00paTHOM
CBSI3U.

Cocrosinue 4 He SBISETCS HAYAIBHBIM COCTOSIHUEM, ITO3TOMY
JUTSL €r0 TPEeICTaBIeH s HCob3yercst D-Tpurrep 6e3 MHBEPTOPOB, C
BXO/IOM acuHXpoHHOro cOpoca RSTG. Tpurrep moxer ObITH
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cOpoIireH 1 BbIX0IOM cocTosiHus 5 (curHan RSTStateS). Mmeercs tpu
BXOJIAIIMX YCIOBHSI TEPeXofia W YCIOBUE IO YMOJYAHHWIO, UYTOOBI
KOHEUHBI aBTOMaT MOT OcTaBaThCsl B coctostHuu 4. IloaTomy Ha
BXOJle Tpurrepa wucnoiesyercss BeHTWwi b 4UJIM  (cxema S4,
puc.3.13).

LRI g

[lepBoe ycnoBue mepexoia HUCXOOUT U3 cocTosiHus 3. B
COOTBETCTBHM C W3JIO)KEHHBIMHU BBIIIIE TMPaBUJIAMHU HEOOXOTUMO
noctpouth GyHKIM0 WM ans coctosHus 3 U JIOTUKY YCIOBHS,
kotopast umeet Bua A+ D (puc.3.13).

Crnenyromiee ycinoBue mepexoja UCXOIUT U3 COCTOSHUSA 2,
oHO TpeOyer mnoruwdeckoil ¢yHkuuu WM pns cocrosHus 2 U
nepemennoit D. [Tocnennee ycinoBue nmepexosa Juist COCTOSIHUS 4 -
oT cocTosAHU 1. Beixoa coctosiHMs 1 NOKEH NpoTH Yepes3 cxeMy
211 ¢ 7orukoil ero yciaoBus mepexoja -  JIOTUYECKUM

MIPOM3BEICHUEM ABC (puc.3.13).
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Jlalee HY)XHO TIOCTPOUTBH JIOTHKY, OOECIICUYMBAIONLYIO
COXpaHEHHE COCTOSHUS 4, KOTJa HM OIHO W3 YCIIOBHUH IEPEXOIOB,
HCXOIIIMX U3 COCTOSHMS 4, He HMeeT HCTHHHOIO 3HAYeHMS.
[lepexon, ucxoasiuii U3 COCTOAHUSA 4, ABIACTCS ACHCTBUTEIbHBIM,

Korga jorudeckoe npomsseneHne ABC wuctunHO. CrenoBarelnbHo,
HEe0OXO0/IMMO HPOITYCTHTh COCTOSIHUE 4 Yepe3 BeHTWIb Y ¢ oOpaTHoii

BenmnunHON mpom3Beaenus ABC. Dro HeoOXomumo  ams
TIOJIICPKUBaHKsI TPUITEPa B BBICOKOM YPOBHE, TIOKa HE MPOU30MIET
JICHCTBUTEIIBHBIA TIEPEXOJl B CICOYIOIIEEe COCTOsIHUME. B Joruke
nepexosia 10 YMOJYAHUIO WCIONb3yeTcss BeHTWIb 2 U BBIXOJ
BeHTWwIst 31 ¢ uuBepTopom Ha Bxojne C .

Cocrosine 2 IMeET TOJIKO OJTHO YCIIOBHE MEPEX0/1a, KOTOpPoe

OPUXOTUT OT coctostHusl 1, korma mpousBenenue ABC uctunHO.
KoHeunslii aBTOMAaT OyJeT HEMEUICHHO MEPEXOAUTH 10 OJHOMY M3
JBYX TI€PEXO/I0OB U3 COCTOSIHMSL 2 B 3aBUCHMOCTH OT 3HAYCHMS
curHana D . CocrossHue 3, momoOHO cocrosHusM 1 u 4, uMmeer
nepexo/ Mo YMOJIYaHHIo, U JJIsl yIpasiieHus: BxogoMm D -tpurrepa
UCIIONIb3yeTcsl KoMmOuHaims curHanoB A, D, coctosHus 2 wu
coctossaus 3. CocTosiHue 5 ympaBisieT COCTOsIHUEM 6 0€3 BCAKHX
ycioBuii. KoHEWHBI aBTOMAar >KAET B COCTOSHHHM 6, TIOKa
nepeMeHHas E He mepexItounTcsl B HU3KUI ypOBEHb, IPEXKIE YEM
MEPENUTH B COCTOSIHUE 7. B cOCTOSIHMM 7 KOHEUHBI aBTOMAT KJIET
MIEPEKIIFOYEHUS NTIEpEMEHHON E B MCTHHHOE 3Ha4YeHHE, MOCIE YET0
NEPEXOJIUT B COCTOSTHUE 1.

[locnie onucanus Bcel JIOTMKHM NEPEXOJI0B IO COCTOSTHUSM,
CIEMYIOIIMM JTarllOM SIBJIAETCA ONKMCAHWE BBIXOJHOW JIOTWKH. B
nprMepe UCIONB3YIOTCS TPH BBIXOAHBIX curHaia - Multi, Contig u
Single, - xaxmplii M3 KOTOPBHIX OTHOCHUTCS K OJHOW U3 Tpex
OCHOBHBIX KaTe€ropuil BBIXOJIHBIX CUTHAJIOB:

1. BeixonHble curHaibl, (OpMHUpPYEMbIE B OJIHOM COCTOSHHU.
[lpumepoM  MOXET CIYXUTh BBIXOZHOW curHam  Single,
(dbopmMHpyeMBbIil TOIBKO B COCTOSHUM 6, T.€. BBIXOJHBIM CHUTHAJIOM
ABJISIETCS BBIXOJ] TPUITEPA.
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2. BbIxoaHble cuTHANBL, (POpMHpYEMblE BO MHOTHX CMEKHBIX
coctossHusax. Hampumep, BbixomHoi curnan Contig, KOTOpbIi
dbopMupyeTcsi B COCTOSHHUSX 3-7, XOTS MMEETCS BETBb s
COCTOSIHUSA 2.

3. BbIxonHble cUrHabl, (JOPMHUpPYEMbIE 110 MHOTUM HECMEKHBIM
COCTOSIHUSIM. 3J1eCh OOBIYHO ONTHMAJIbHOE PEIICHHUE - 3TO MPOCTOE
JICKOJIMPOBAHNE aKTHBHBIX cocTosHuil. Hampumep, curnan Multi,
KOTOPBIA (hopMHpyeTcs 111 COCTOSIHUH 2 U 4.

Jlns  popmupoBaHus JIOTUKH BbIXOHHOTO curHana Multi
WCIOJIb3YETCSl JEKOAUPOBAHUE COCTOSHUN 2 M 4 Npu MOMOIIU
BeHTwIsa 2MJIN. Kaxpiii pa3, Korjaa KOHEUHbIM aBTOMAT OKaKETCs
B OJIHOM M3 3THUX COCTOSHMH, OyneT cPOopMHUpPOBaH AKTUBHBIM
curHan Multi. Jlns  1ekoAMpoOBaHMS BBIXOAHBIX CHIHAJIOB IS
CMEXKHBIX COCTOSHHI HCIIOJIb3YeTCsl CHUHXPOHHBINM RS-Tpurrep.
RS-Tpurrep ycranaBnuBaeTcs MpH BXOJIE B CMEKHOE COCTOSIHHE U
cOpaceiBaercss mpu Bbixone (puc.3.11). Bpemennas auarpamma
MIPOEKTUPYEMOT'0 aBTOMATa IpeICcTaBlieHa Ha puc.3.14.

Hns  pa3memienuss aBtomMata BbelOepem IIJIMC  mo
apxutektype  IIIIBM  APEX20K (EP20K30ETC144-1).
Apxutektypa IIJIMC cemeiictBa APEX20K coueraer B cebe
nocrounctBa I[IIIBM IIUVIMC ¢ ux Tabnuuamu nepekoaupOBOK
(LUT). IMocie KOMIUISINAN MPOEKTa 0Ka3aaoCh 3aaeicTBoBano 20
JOTUYECKUX  JJIEMEHTOB, §  TpUITEpOB. MoaenupoBaHue
MPOBOAMIOCH 0€3 ydeTa peajbHBIX 3aJepPKEeK PaclpOCTpaHEHUS
curHanoB B [IJIMC. C yyeroM pealbHBIX 3aICpKEK MNEPHOL
takToBoro curHana CLK mis crabunbpHOi paboThl aBTOMAaTa
JOJKeH OBITh He MeHee 15 HC. YMEHBIIUTh YHCIO TPUTTEPOB Ha
OJIMH TO3BOJISIET JEKOAUPOBAHUE COCTOSHUM 3-7 IpHU MOMOIIM 5-
Bxoja0Boro BeHTuiss MJIN. Kaxaplii pa3, Korna KOHEUHbI aBTOMAT
OKaXeTCSd B OJIHOM U3 JTHUX COCTOSHUH, Oyaer chopmupoBaH
curnain Conting. B aToMm cityyae U cokpaiaeTcst Y4Mciio JOTHYSCKIX
AJIEMEHTOB. MakcuMalnbHash TaKTOBas 4acTOTa B 00OMX CXEMHBIX
pemenusx cocrapuser fy,,, =290.02 MI'L.
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3.2.2. Ucnosb30BaHue pa3IMYHbIX CTHIICH KOAUPOBAHUA
COCTOSIHUIT M (POBBLIX aBTOMATOB Ha sA3bIke VHDL

Onumem (yHKIMOHMPOBAHUE JAHHOTO aBTOMATa Ha sI3bIKe
onucanusi amnaparypHbix cpencts VHDL. Xilinx pexkomenayer
UCMOJb30BaTh  KOJAMPOBAHME  KOHEYHBIX  aBTOMAaToOB ¢
UCIOJb30BAHUEM [IEPEUUCIIAEMOr0 THMA, T.K. B 3TOM clly4ae
uMmeercss BO3MOXKHOCTH mpenoctaButb CAIIP  ucnosnb3oBath
MOJyJIb JIOTUYECKOTO CHHTE3a M B 3aBUCHUMOCTH OT apXUTEKTYPHI
[TJIMC camocTOATENBHO BHIOUPATh METO KOJUPOBAHUS.

[IpoexTHpoBaHHE KOHEYHOTO0 AaBTOMAara OCYIIECTBUM C
UCIIONIb30BAHUEM TIepeUHcIsieMoro Tuma JaHHbeIX (Enumerated
type) Ha si3pike VHDL. IlepeuncrnseMblii TUIT — 3TO TakOW THI
JTAHHBIX, TIPU KOTOPOM KOJMYECTBO BCEX BO3MOMKHBIX COCTOSHHI
KoHeyHOo. Takoii Tum Hambonee YacTO UCHONb3yeTcs IS
0003HaUeHWI  COCTOSHUI  KOHEYHBIX  aBTOMAroB. JIroOoi
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MEPEUYUCIIAEMBI THUI MMEET BHYTPECHHIOK HYMEpAIMIO: TEPBbIN
3JIEMEHT Bcerga umeet Homep 0, BTopoil - 1 u T.1.

Hepqu/ICH}IeMBIfl THUII ONpCACIACTCA CIIMCKOM
(nepeqncneHI/IeM) BCeX BO3MOJXKHBIX 3HAYEHHH HTOr0 THIIA.
HepechnHeMHe THUIIBI HUMCIOT CJIG,HYIOH_[HI;'I CHUHTAaKCHUC
OHpe,I[eJ'IeHI/I}I:

type type_name is ( enumeration_literal
{, enumeration_literal});

rae type name - uwAGHTUPHUKATOP TUMA, a  KaXKJIbIHA
enumeration_literal - nu6o wunentudukarop (enum 6), wubo
JuTEpa CHMBOJIa CA). Nnentudukarop SIBJISICTCS

MIOCJICIOBATEIBHOCTBIO OYKB, CHMBOJIOB IMOJYEPKUBAHUS U IUDD.
WneHTudukaTop NOMKCH HAaYMHATBCS C OYKBBI M HE MOXKET
SBJISIThCSL 3ape3epBupoBaHHbIM ciioBoM VHDL, takum kak TYPE.
Jlutepan  cUMBOJNA  SIBIISCTCS  JIIOOBIM  3HAYCHHUEM  THIIA
CHARACTER B omuHOuyHBIX KaBblukax. Hampumep, FPGA
Express Synopsys aBTOMaTHYeCKH KOJUPYET IEpPEeUHCIIsiCMbIe
3HaYeHHUs B OWUTOBBIE BEKTOpAa, KOTOpPhIE OCHOBAHBI Ha KaxJOH
No3ulIMK 3HaueHus. JIMHa KOAMPYIOIIEro OHMTOBOrO BEKTOpPa
paBHa MHUHHMAJIbHOMY KOJIMYECTBY OWT, HEOOXOIUMBIX JUIS
KOJMPOBaHUS HOMepa IepednciseMblx 3HaueHuil. Hampumep,
NEPEUUCISIEMbI TUIT C MATHIO 3HAYEHUSMHU HUMEET TPEeXOUTOBBIN
KOJUPYIOIIUNA BEKTOP.

B CAIIP Quartus Il B menro Analysis&Synthesis Settings,
3aksaaka More Analysis&Synthesis Settings, BbiOepeM ycTaHOBKY
KOJIMPOBaHUsI KOHEUHBIX aBTOMaToB State Machine Processing —
one-Hot (puc.3.15). I1pu aTom ycranoBka Safe State Machine — Off
(pa3paboTka aBTOMaTa C  y4eTOM  BOCCTAaHOBJICHUS U3
HEMpaBWIBHBIX COCTOSHUM B Cllydae HapyIIeHUS BpPEMEHHBIX
TpeboBaHUI TpeOyeT IOMOJHUTEIBHON JIOTUKH, IO3TOMY 3Ta
omnuusi  OTKIo4eHa). KomOMHAIMOHHYIO JIOTHKY  aBTOMara
peanu3yeM Ha TaOaMIax MepekoJupoBOK — ycraHoBka LUT (s
[TJIUC cepun APEX2).
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[Tonp3oBaTens MOXKET BBIOpaTh yCTaHOBKY AULO, KoTopas
MO3BOJISIET CPEACTBAM CHHTE3a aBTOMATHYECKH BBIOpATh A
KOKJIOTO  KOHEYHOTO  aBTOMara  HAWIy4dlIud  aJITOPUTM
KoaupoBaHusi. B ciyuae BeiOopa ycranoBkm User-Encoded,
CpeAcTBaMH  CHHTe3a  OyleT  HMCIOJIb30BaThCA  QJITOPUTM
KOJIMPOBaHUs, IPEICTABIICHHBIN B (paiiyie NCXOMHOTO OMUCAHUS.

B cmyuae BbIOOpa mosb3oBaTeneM ycTaHOBKH AULO miis
I[JINC FPGA wucnonb3yeTcs METOI KOAUPOBAHHMS C OJHUM
aKTHBHBIM  COCTOSIHMEM (MOIU(UIIMPOBAHHBIA, HW3BECTEH B
JaUTepaType Kak moyTH npsmoe kogaupoBanue) a ais [IJIMC tuna
CPLD, rme Oomnplioe KOJIMYECTBO TEPMOB IPOU3BEICHUM,
UCIIONB3YeTCS KOAMPOBAaHHE C MHUHUMAIBHBIM  KOJMYECTBOM
tpurrepoB  (minimal-bits encoding). B CAIIP Quarus |l
UCIIONIB3YETCSl HE YHCTBIM METOJ] KOJUPOBAHUS C OJHUM aKTHBHBIM
COCTOSIHMEM, a MoaudunupoBaHHbld. [lepBoe (HayaabHOE)
COCTOSTHUE KOAMPYETCS HYISIMHU, T.€. BCE TPUITEPHI CABHUTOBOTO
pPErucTpa YCTaHABIMBAIOTCS B HOJIb, a IMOCIEIYIOIIUE COCTOSHUS
KOOUPYIOTCsl kak B oObruHOM Merone HOT, mpu sToM BBIXOJ
MEPBOTO COCTOSIHMSI BCErJla aKTHBEH, KPOME€ HadalbHOTO. JTO
OoOBsICHSIETCS TeM, 4YTO TMPH 3allyCKe aBTOMara €ro JIeTKO
ycranoBUTh B coctosinue 0000000, a ve B coctostaue 0000001, kax
B Ki1accuueckom Metoze HOT.

Mopayne cunte3a (kommumisitop) CAIIP  Quartus 1l
“UCTIONB3YyeT TMATEHTOBAHHBIE TMEPCIEKTHUBHBIC JBPUCTUYECKUE
QITOPUTMBI”, TIO3BOJISIONINE ClelaTh TaKUe aBTOMATUYECKUE
HA3HAYEHHS] COCTOSIHHM, KOTOpble MUHUMHU3HPYIOT JOTUYECKUE
pecypchl, HYXKHBIE ISl peaau3allid KOHEYHOro aBTOMaTa. 3areM
KOMITWJISITOP BBITIONMHSIET ABTOMATHUYECKU CIEAYIOIHe (YHKIIHH:
Ha3zHayaeT OWThbI, BeIOMpas Ui Kaxaoro outa nubo T-tpurrep,
nn6o D-tpurrep; mpucBavBaeT 3HAYEHHS COCTOSIHHIA, MPUMEHSET
CIOXHBIE METOJbl JIOTHYECKOTO CHHTe3a M  TOTydeHUS
ypaBHEHUH BO30YKICHUS.

230



Settings - ohe

Category
General Analpsis & Synthesis Settings
Files
Libraries Specify opions for analsis & yrthes < 8 Symthec -
Device Apg et el T M 1Miore Analysis & Synthesis Settings
+ Operating Settings and Conditions Specify the seftings for the logic options in your praject, Assignments made to an indvidual node or
41 Compilstion Process Seltings Optirization Techrique entiy n the Assignment Editor wil overide the option seltings in his disiog box
- iDA‘ Tnn&\ﬁseltn;gs - + Speed
=1 Analyss & Synthesis Settings Soneed ption
VHDL Input Fieset
VerionHOL gt Ao Name: | Add Pass-Thiough Logic to Inferred RAMs S
Default Faiameters Satting: On = ResetAll
Fiter Seltings
+1 Tining Analysis Sellings % PowerUp Dont Care Desciiption
Assembler Instructs the Compler to add esta logic to inferred FiAMs thal iequie a ~
Design Assistant Ferfom WYSIWAYG primiive tesd 1ot afterwrite mode thal isnt supperted by the RAM blocks in the
e, Wiome et e e m e e e 1
SignalTap Il Logic Analyzer - 1
Logic Analpzer Inteface oL Lo 3
essage Level ovd
¥ Simulator Setings = Existing opton seltings:
PowerPlsy Power Ansigzer Sellings N 5
SSN Analyzer More Settings... ame: . etting a
Perform WYSIW G Piitive Resynthesis oif
PowerUp Dot Care on
Remove Duplcale egisters On
Remove Redundant Logic Calls oif
Safe Stale Machine oif
) Show Parameter Settings Tables in Synthesis Fieport On
Desoriptior: State Machine Pracessing One-Hat
Stiict RAM Feplacement oif
Synokvonizalion Riegister Chain Length 2
Syrthesis Effor Auto
Technelogy Mapper Lur
Use LogicLock Constaints during Resource Balancing On

Puc.3.15. Hactpoiiku komnmiaropa CAIIP Quartus Il nyst cunTtesa
KOHEYHOTr'0 aBTOMaTa

PaccmotpuM  aByxmporeccHsli  mabnon  (puc.3.16)
OTIHCaHMS KOHEYHOI'0 aBTOMaTa c UCIIOJIb30BaHUEM
HepPEeYHCIIIeMOr0 TUIIA M HAcTpoek Kommmisropa (State Machine
Processing — one-Hot). Oco0eHHOCTBIO SABJISETCS HCIOJIb30BAHUE
oaHoro curHana State mepeumciasiemoro tuma State values mis
peanu3alyy JJOTUKU MEPEX00B COBMECTHO C PETUCTPOM TEKYIIETO
cocTosHus. Bropoii omepatop mpolecca HCIONB3yeTCs IS
onucaHus JOTUKM ¢opMmHupoBaHUs BbIxoja (mpumep 1). [nd
o0ecrieyeHHs CTaOMJIBHOW M 0€30TKa3HOH pPabOThl MCIOJIB3YeTCs
cOpoc aBTOMaTa B HAyalbHOE COCTOSIHME (AKTHBHBIM BBICOKUI
ypoBeHb curHana TRST). Takum oOpa3oM, Bceraa obecrieunBaeTcs
WMHHUIMAIU3alMs aBTOMAaTa B Ha4aJIbHOE COCTOSTHHE.

PaccmoTpuM  TpexmponeccHblil mabJI0H OmMcaHusi padoThI
KOHeyHOro aBromMara (mpumep 2 u puc.3.17). B nmanHoM ciyyae
UCIIONB3yeTCs ABa curxana State m next_state mepeuncissemoro
TUna U Tpu omeparopa Process. CTuiIb KOAUPOBAHUS KOHEYHOTO
aBromara Ha s3blke VHDL paccmorpenssiii B npumepax 1 u 2
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OyneM Ha3bIBaTh HESBHBIM, T.K. W3 KOJa HE SICHO KaKOW METOJ
KOJIMPOBAHUS HCIIONB3YETCsI, MPU OSTOM TPEAINosiaraercs, 4To
METO/1 KOJIUPOBAHUS 3a/1aH B HACTPOHKAX KOMITHIIATOPA.

RESET—

Next
State
Inputs Function

State Output
Register Function

——= Outputs

CLOCK—

Only for Mealy Machine
PROCESS 1 PROCESS 2

XB986

Puc.3.16. JIByxmporieccHblil 11aboH onrcaHus paboThl KOHEYHOTO
aBToMara Ha si3bike VHDL

RESET —

Next
State
Inputs Function

State Output
Register Function

Only for Mealy Machine
PROCESS 1 PROCESS 2 PROCESS 3

—= QOutputs

CLOCK—

8887

Puc.3.17. TpexnporieccHbli 1a0I0H OnUcaHust pabOThl KOHEYHOTO
aBTomarta Ha sizbike VHDL

Ha pwuc.3.18 mnpencraBieHbl BpEMEHHbIE JHUArpaMMBI
pabotsl. [lokazansl mepexoasl mo coctosHusMm 1, 4, 5, 6 u 7. Ilo
NEepBOMY TaKTy CHHXPOMMIYJIbCAa M TPU BBIINOJHEHUH YCIOBUSA

AB(_Z, aBromat mnepexoauT B coctosiHue 4. B CocrossHuu 4
dopmupyrotcst BeixoaHble curHanel Contig u Multi. Tlo BTOpomy

TaKTy CHHXPOUMITYJIbca U 10 ycioBuio ABC , aBTomMaT mepexoauT
B COCTOsIHUE 5, ¢ opMupoBaHueM Ha Bbixoje curHaia Multi. To
TPETbEMY TAKTy CHUHXPOUMITYJIbCA aBTOMAT 0e3 BCAKHUX YCJ'IOBI/Iﬁ
NEepexXoaUT B COCTOSIHUC 6¢c (I)OpMI/IpOBaHI/IeM BBIXOJHBIX CUT'HAJIOB
Contig u Single.
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ARCHITECTURE a OF avtOHE?2
IS
TYPE state values IS (Stagel,
Stage2, Stage3, Stage4, Stageb,
Stage6, Stage7);
signal state: state_values;
BEGIN
process(TCK,TRST)
begin

if (TRST = '1) then
state<=Stagel,;

elsif (TCK'event and
TCK="1"
then

case state is
when Stagel=>
IF (A=1 and B='0' and C='1)
THEN state<=Stage2;
ELSIF (A="1"and B="1" and C='0")
THEN state<=Stage4;
ELSE state<=Stagel,;
END IF;

process (state)
begin

case state is
when Stagel=>
Multi <="07
Contig <="0",
Single <='0",

end case;
end process;
END g;

Ilpumep 1. @parmeHT Koja
JIBYXITPOLIECCHOTO nrabyiona
ONMCaHUs KOHEYHOIO0 aBTOMaTa
Ha s3p1ke VHDL

ARCHITECTURE a OF avtOHE IS
TYPE state_values IS (Stagel,
Stage?2, Stage3, Stage4, Stageb,
Stage6, Stage7);
signal state, next_state: state_values;
BEGIN
process(TCK, TRST)
begin

if (TRST ='1") then
state<=Stagel;

elsif (TCK'event

and TCK="1") then

state<=next_state;

end if;
end process;
process(state, A,B,C,D,E)
begin
case state is
when Stagel=>
IF (A="1"and B='0"and C="1")
THEN next_state<=Stage?;
ELSIF (A="1"and B="1"and C='0")
THEN next_state<=Stage4;
ELSE next_state<=Stagel;
END IF;

process (state)

begin

case state is

when Stagel=>

Multi <="0"; Contig <="'0"; Single
<='0"

end case;

end process;

END a;

[Ipumep.2 ®parmeHT KoJa
TPEXITPOLIECCHOTO mraboHa

OIMCAaHWs KOHEYHOrO aBToMara Ha
s3eike VHDL
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5 ok 80 0 - 0
26 Contig| BO 1 [

@7 Mt | BO 1

-8 RST g1 1

&9 Sngle | BO [
Puc.3.18. Bpemennasi quarpamMma, KOHEUHOTO aBTOMATa,
onucanHoro Ha VHDL. Iloka3zansl nepexo/ipl Mo CocTossHusIM 1, 4,
5,6u7

Hcnonp3oBaHne NEPEeUHCIIEMOT0 THIIA C HACTPOWKAMHU
one-Hot  moszBosser MOLYJIIO CHHTE3a  ONTHMH3HUPOBATH
NPOCKTHpPYyeMBbId ~ aBTOMar. B 3ToM  ciydae  JOCTyNeH
IPOCMOTPOBILUK COCTOSHHI KOHeuHoro apromata (State Machine
Viewer). Ha puc.3.19 ¢ mnoka3aH CHHTE3MpPOBAHHBIA LUPPOBOIL
asromar 1o VHDL-komy B CAIIP Quartus Il ¢ morukoi
(OpMHUpOBaHUS BBIXOZOB C HCIIOIB30BAHMEM TPEXIIPOLIECCHOTO
mabnmona sspika  VHDL. Ha puc.3.19 6  rpad-aBTOomar
BoccTaHOBJIeHHbIN U3 VHDL-koxa. ByneBbl ypaBHeHUs A7l JOTUKU
MIEPEXOJIOB 110 COCTOSHUSM H YISl YCIIOBUH 110 YMOITYaHHIO TTOKA3aHbI
Ha puc.3.19 6. Puc.3.19 2 nemoncTpupyer TabIMIy MEpexooB,
XapaKkTepHYI0 U MeTOo/la KOIUPOBAaHUS C OJHUM aKTHBHBIM
cocrosinueM. Ha puc.3.20 mokaszana cxema aBToMara, roToBasl Jis
pa3menienus B 6asuce [TJIMC cepun Sratix Il Ha xoTopo# BuIHA
CTpYKTypa  7-pa3psiiHOTO  CABHTOBOTO  pErucTpa,  OJOKH
KOMOWHAIIMOHHOW JIOTUKH W TO, YTO BBIXOJBI TPUITEPOB MOTYT
UCTIONB30BAThCSl KAaK  HETOCPEACTBEHHBIC BBIXOABI aBTOMATa
(Beixon Single) m kak ciencTBHE, MPUMEHEHHE JOMOTHUTEIBLHON
KOMOWHAITMOHHOM JIOTUKH Ha BBIXO/IE HE TpeOyeTCs.
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Source State | Destination State | Condition Name | Stage7 | Stage6 | Stage5 | Staged | Stage3 [ Stage2 | Stage1 |

1 Stagel Stage 1 (LAY = (ALUBIC) = (A)(B).IC)Y 1 Stage1|D 0 0 0 0 0 1]

2 | staget Stage? (C){A).{1B) 2| Stage2|0 o o 0 o 1 1

13 | Stagel Staged (A).(B).(C) |3 stage3|D o o o 1 o 1

= R —( O .
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|8 | stages Stage4 (1A) + (A){B) + (A}.(B).IC) r)

9 Staged Stage5 (A).(B).(IC)

K0 Stage5 Stagef

[11] Stages Stage6 (E)

£ Stagef Stage7 {IE)

13| Stage? Stage 1 (E}

[14] Stage7 Stage7 (IE)

B)

Puc.3.19. Cunre3s koneunoro apromara rno VHDL-kony B CAIIP
Quartus Il (TpexmporieccHbIi Ma0IOH): a) YIPaBIISIONIHNA aBTOMAT C
JIOTUKOM (hopMUPOBaHUS BBIXOJIOB; 0) rpad-aBToMar
BoccTaHoBeHHbIN U3 VHDL-kona; B) yciioBus mepexoioB 1o
COCTOSIHUSIM; T') TabJIMIIA [IEPEX0/I0B, IEMOHCTPUPYIOLIas
ncnonb3oBanue Mmerona OHE
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L8
& mondam

Puc.3.21.Cxema
KOHEYHOT'O aBTOMATa C
UCIIOJIb30BaHUEM METO/Ia
OHE (omHOMmpOIIECCHBIN
11abJIoH)

Puc.3.20. Cxema KOHEYHOIO aBTOMATa
¢ ucroin3oBanneM meroga OHE,
TOTOBAs AJIsl pa3MelleHus B Oa3uce
ITJINC cepun Stratix I
(TpexmporecCcHbIN 11abI0H)
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PaccmoTpuM mcnosnp30BaHUE OJHOMPOILECCHOTO IIa0JI0OHA
(mpumep 3) W mepedyuciseMoro Tuma. B ATOM ciydae 4mcio
TpUrrepoB yBenuuuBaercs ¢ 7 ao 10, T.K. BKJIIOYEHHE JIOTUKHU
(dopMHpOBaHUsI BBIXOJAa B OINEpaTop CaSe pacIoararuierocs
BHYTpH OJIOKAa PErHCTPOB KOHEYHOTO aBTOMATa, PUBOJIUT K TOMY,
yro Beixoabl Multi, Contig u Single craHoBsATCS perucTepHBIMU
(puc.3.21).

BEGIN

process(TCK, TRST)

begin

if (TRST ='1") then state<=Stagel,;
Multi <="0";
Contig <="0";
Single <="0";

elsif (TCK'event and TCK="1")

then

case state is

when Stagel=>

IF (A="1"and B='0"and C="1") THEN
state<=Stage?;

Multi <="1"; Contig <="0"; Single <="0";
ELSIF (A="1"and B="1"and C='0") THEN
state<=Stage4;

Multi <="1"; Contig <="1"; Single <="'0";
ELSE state<=Stagel;

Multi <="0"; Contig <="0"; Single <="0";
END IF;

[Tpumep 3. @parMeHT KojJja OJHOIPOLECCHOTO MIA0JI0Ha OMUCaHUS

KOHEYHOTO aBTOoMara Ha s3eike VHDL

PaccmoTpuM BapuaHTBl — JBOMYHOE KOJAWPOBAaHUE H
koaupoBanue no meroxy OHE ompeneneHo siBHO B Koje s3bIKa
VHDL ¢ wucnonb3oBaHuWEM JBYXIpOIECCHOro IabjoHa H
NEePevnCIIsIeMOro TUIA JaHHBIX. B 3TUX ciyyasx moyib3oBaTenb cam
Koaupyer coctosHus Stagel - Stage7: mmbGo aBomuHOe
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komupoBanue 001, 010, 011 mw mo 111 (mpumep 3) wim
KOJIUpOBaHUE C OJIHUM akTUBHbIM cocTositHuem 0000001, 0000010,
0000100 u mo 10000000 (mpumep 4).

OTMEeHHM aBTOMAaTHYECKOE KOJIMPOBAHUE NEPEUYUCIICHUS U
onpefeluM CBOM COOCTBEHHBIE KOABI C MOMOUIbIO aTpudyTa
enum_encoding. Atpubyr enum_encoding mopKeH ObITH CTPOKOM
(STRING), conepxamieii HaOOp BEKTOPOB, IO OJHOMY IS
KQXKIO0ro IepeurcisieMoro JjJuTepansa B COOTBETCTBYIOIIEM THIIE.
Komupyromuii Bektop onpenensiercss cumpoiamu 0°,°1°,’D’,’U’ u
’Z’, pazpeneHHbIMU TpoOenamu. [lepBblii BEKTOp B CTpOKe
atpulyTa ompenenser KoJ s [EpBOr0 MNEPeyUClIIeMOro
JUTepaia, BTOPOl BEKTOP - /Ui BTOPOTO JuTepana u T.4. ATpulyr
enum_encoding mo/mKeH ciefoBaTh cpasy JKe 3a OOBSBICHHEM
THUTIA.

[Ipy 1BOMYHOM KOJWPOBAHMM CHUHTE3UPYETCS KOHEUYHBIN
aBTOMAT C HCIOJb30BAaHUEM 3 TPUITEPOB ISl pealu3anuu 7
coctosiuuid - 1 Tpurrep u 1 aByxpaspsimHbiii peructp (puc.3.22).
[Ipu KOAMPOBAHUM C OJJHUM AKTUBHBIM COCTOSIHUEM - 6 TPUITEPOB
(puc.3.23). Ilpm KOAMPOBAHUM COCTOSHUI  IOJIBb30BaTElIEeM
penakTop coctosiHuii koHeunoro aBromata CAITP Quartus Il (State
Machine Viewer) HemocTyreH.

PaccmoTpuM  mpoeKTMpOBaHME KOHEYHOTO aBTOMara ¢
ucrnonb3oBaHueM penaktopa cocrosHuit CAIIP  Quartus |l
(puc.3.24 u puc.3.25). VYcnoBus nepexoA0B MO YMOIYAHHUIO
CIEIMAIbHO HE 33/IaHbl, JJI1 TOTO YTO OBl MOCMOTPETh KaK MOIYJb
CHUHTE3a CIpaBUTCA C 3TOW 3amadeil. Puc.3.25, a nmokasbiBaer, 4To
MOJyJb  CHHTE3a CaMOCTOSITENbHO  JOONPENENINI  YCIOBHS
MEepPEX0JI0B MO YMOJIYAHUIO, TAKUE MEPEXO0/bl KaK U B HCXOJHOM
3a/laHuu OTCYTCTBYIOT y cocTosiHuii 2 u 5. Kon s3eika VHDL
U3BIICYCHHBI W3 Tpad-aBTOMaTa B aBTOMATHUYECKOM DPEXHME,
JEMOHCTPUPYET IpUMeEp 5.
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LIBRARY ieee;

USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;
ENTITY avtOHE2 IS

PORT(

AB,C,D,E, TRST, TCK JIN
STD_LOGIC;
Multi
OUTSTD_LOGIC);
END avtOHEZ2;
ARCHITECTURE a OF avtOHE2 IS
TYPE state_values IS (Stagel, Stage2,

,Contig,Single:

Stage3, Stage4, Stage5, Stage6,
Stage7);

attribute enum_encoding: string;
attribute enum_encoding of

state_values: type is "001 010 011 100
101 110 111™;

signal state: state_values;

BEGIN

statereg: process(TCK,TRST)

begin

if ?TRST ='1") then state<=Stagel;
elsif (TCK'event and TCK="1")

then

case state is

when Stagel=>

IF (A="1"and B='0" and C="1") THEN
state<=Stage2;

ELSIF (A="1" and B="1' and C='0)
THEN state<=Stage4;

ELSE state<=Stagel,END IF;

rocess (state)
egin
case state is
when Stagel=>
Multi <="0";
Contig <="'0";
Single <=0,
end case;
end process;
END a;

ITpumep 3. dparment
JIBYXIIPOIIECCHOTO MIa0JIOHA
OIIMCaHHUA KOHCYHOI'O aBTOMAaTa
Ha s3p1ke VHDL (s1BHOE
WCTIOJIb30BaHHUE CTHIIS
JABONYHOT'O KOAWPOBAHU,
aTpubyT enum_encoding)

g

i

ey

TRET I

Puc.3.22. CunTe3npoBaHHbII
KOHEYHBIM aBTOMAT C
HUCIIOIb30BAHUEM JIBOMYHOTO

KOIMPOBaHUS (SBHOE HCIIOIB30BaHHUE

CTHIIA KOAWPOBAHMUS, aTpUOyT
enum_encoding)
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LIBRARY ieee;

USE ieee.std_logic_1164.all;

USE ieee.std_logic_ un5|gned all;

ENTITY OHE2 IS

PORT(

AB,CD,E TRST, TCK:

INSTD_LOGIC;

Multi,Contig,Single: ouT
STD_LOGIC);

END OHEZ?;

ARCHITECTURE a OF OHE2

IS

TYPE state_values IS (Stagel,

Stage2, Stage3, Stage4, Stages,

Stage6, Stage7);

attribute enum_encoding: string;

attrioute  enum_encoding  of

state_values: type is "0000001

0000010 0000100 0001000

0010000 0100000 1000000";

signal state: state_values;

BEGIN

statereg: process(TCK,TRST)
begin

if (TRST = 1) then
state<=Stagel,;

elsif (TCK'event and TCK="1")
then

case state is

when Stagel=>

IF (A="1" and B='0' and C='1)
THEN state<=Stage?2;

ELSIF (A=1" and B=1" and
C='0") THEN state<=Stage4;
ELSE state<=Stagel;

END IF;

[Tpumep 4. OparmeHT koaa
JBYXIIPOLIECCOPHOTO
nrabiaoHa ONMUCaHUSA
KOHEYHOr0 aBTOMara Ha
s3pike VHDL  (sBHOE
HCIIOJIb30BaHHUE CTHJIS
KOJIUPOBAHUS C  OJHUM
AKTHUBHBIM COCTOSIHUEM,
aTpuOyT enum_encoding)

nt S
=1 T
\
[ = [ =
; = —
o — =
e 1
i e
=i = =
g 1) _J.
T
Puc.3.23. CuHTe3upoBaHHBIN
KOHEUHBIN aBTOMAaT c

HNCITOJIB30BAHUEM KOIUPOBAHUA C
OAHUM aKTHUBHBIM COCTOSHHUEM (}IBHOC
HCIIOJIb30BAHUC CTUJIA KOAUPOBAHUA,
aTpudyT enum_encoding)
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ARBRC

Puc.3.24. I'pad-aBromar, pazpaboTaHHBIN C TOMOIIBIO pelakTopa
cocrosiauit B CAIIP Quartus Il

a)

Source State | Destination State | Condition Mame | s3|s2[s7|s6]s5|s4]s1]
1 [ s1 (IB)A) = (IBLIA).(C) = (B).0A) = (BLIA)C) =1 1o 10 1o 1o 10 lo o
2 | =1 4 (A).(IC).B) —

3 | s 52 (BLALEC) 2[s4 0 0 [0 0 B |1 |7
2 |2 ” (14) = (A).(IC).(B) = (ALC) 3|s5 00 0 0 7 0 1
5 | =4 5 (IC).(B1.(%) 4|6 [0 [0 0 1 0 0 |1
6 |s5 s6 5|s7 o o 1 o o o 1
7 |58 =8 ';IE? gls2 o 1o fofo o
i—:f :1 :;} 7]s3 1 o Jo Jo Jo [o |5
10] s7 57 (B) B)
1] =2 s4 =)
12| s2 s3 (D)
13 s3 s4 (1A).(D) = (A)
[12] =3 53 (1A)(D)

0)

Puc.3.25. Cunres koneunoro aromara o VHDL-koy n3BnedeHHOrO
U3 rpa-aBToMaTa Co3/1aHHOTO € TIOMOIIBIO PeIaKTOPa COCTOSTHUH B
CAIIP Quartus IlI: a) rpac-aBromar, BocctanoBnennslit u3 VHDL-
K0J1a; 0) YCIIOBHS MIEPEXO/I0B 10 COCTOSTHUSAM,; B) TabJIMIIa IEPEXO/IOB,
JIEMOHCTPUPYIOIIIasi ucronb3oBanue Merona OHE
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ARCHITECTURE BEHAVIOR OF SM2 IS
TYPE type_fstate IS (s1,54,55,56,57,52,53);
SIGNAL fstate : type_fstate;
SIGNAL reg_fstate : type_fstate;
BEGIN
PROCESS (clock,reset,reg_fstate)
BEGIN
IF (reset="1") THEN
fstate <= s1,;
ELSIF (clock="1" AND clock'event) THEN
fstate <= reg_fstate;
END IF;
END PROCESS;
PROCESS (fstate,A,B,C,E,D)
BEGIN
Multi <="0"; Contig <="0"; Single <="0";
CASE fstate IS
WHEN s1 =>
IF ((((A ="1") AND (B ='1")) AND NOT((C ='1"))) THEN
reg_fstate <= s4;
ELSIF ((((A="1") AND NOT((B ='1))) AND (C="1")) THEN
reg_fstate <= s2;
ELSE
reg_fstate <= s1;
END IF;

WHEN OTHERS =>
Multi <="X"; Contig <='X'"; Single <="X";
END CASE;
END PROCESS;
END BEHAVIOR,;

[Tpumep.5. @parMeHT aBTOMATUYECKH H3BJICUEHHOTO KOJA
s3pika VHDL u3 rpag-aBTomara

PaccmoTpuM, 4Wem OTIIMYaeTcsl MCIONB30BAaHHE aTpUOyTa
syn_encoding ot enum_encoding Ha mpuMepe ABYXIPOIECCHOTO
mra0JioHa ¢ HCIOJB30BAaHMEM  TPOCTEHINEro  TBOMYHOTO
koaupoBaHus (mpumep 3). B ciydae npumenenus artpubyra
enum_encoding mpu KOIUPOBAHMHM COCTOSHHUH IOJB30BATEIEM,
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KOMIIWJISITOP HE HCIHOJIb3YET CHEIHallbHble METOJbl JIOTUYECKOTO
CUHTE3a, MPUMEHsIeMble K KOHEYHBIM aBTOMAaTaM, Hampumep, IS
MUHUMU3ALUN COCTOSIHUM U MOJY4YeHUs ypaBHEHUI BO30OYKICHMUS,
a HCHOJb3yeT METOJbl CHUHTEe3a OyJIeBOH JIOTMKH. ATpUOYT
syn_encoding (pexomenayercs ucrnonb3obats B CAITP Quartus 1)
nepeonpeaesier Moayb CHHTE3a Ha UCIOJIb30BaHUE COOCTBEHHOM
KOIUPOBKU COCTOSSHUM aBTOoMara. B  mporecce cuHTe3a,
KOMOWISATOP  100aBise€T  JOMOJHUTENbHYIO  JIOTHKY [P
MUHUMU3ALMKA JUIsI  HMCKJIIOYEHHs [ONaJaHus aBToMaTra B
3alpelleHHble COCTOSHUS. B 3TOM cimy4yae IOCTYNEeH pemakTop
coctostHui (puc,3.26 a). Jloruka nepexo10B u TabaUIA IEPEXOI0B
nmokaszaHa Ha puc.3.26, 6 u puc.3.26, 6. Ha puc.3.26, 6, Bugum He
JBOMYHYIO TOCIIEIOBATEIbHOCTh KOaupoBaHUsi cocTostHui "001
010 011 100 101 110 111" monydeHHYXO IIyTEM YBEJIUYEHUS
COJIEP’)KUMOTO PpErucTpa COCTOSHMM Ha enuHully (TmpocTeiiiiee
KoaupoBaHue) a u3menennyro "000 011 010 101 100 111 110"
(xkomupoBaHue c pazOueHuem). YTo TOBOPUT O TOM, YTO €CIHU
CYILLIECTBYIOT HEHUCIIOIb3YEMBIE COCTOSIHUS (ecn

s<2",n= [.ogzs:, r€ S-4YUCJIO COCTOSHUN aBTOMaTa, a
N —YKCIO TPUITEPOB), TO KOMIMJIATOP BbIOMpaeT “mydmine” u3
UMEIOIIUXCS  N-paspsimHBIX — Iensix  ymcen. Jns  atpubyra
syn_encoding mpexycCMOTPEHBI CIEAYIONIME KITIOYEBBIE CIIOBA
"default”, "sequential”, "gray"”, "johnson”, "one-hot", "compact" a

JUist aTpuOyTa enum_encoding ToabKO mepBbie MATh (IpuUMep 6).

TYPE state_values IS (Stagel, Stage2, Stage3, Stage4, Stage5, Stage6, Stage7);
attribute syn_encoding: string;
attribute syn_encoding of state_values: type is "one-hot";

[Tpumep.6. KonupoBaHue COCTOSIHMM C HCIIOJIB30BAHMEM METOAA
OHE u arpubyra syn_encoding
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a)

Source State | Destination State | Condition | Name | state™16 | state™15 | state™14 |
|1 | Stagel Stagel {14 = {A){1B).{IC) + (A).(B).C) 1| Stage1|D 0 0
2_ Stage1 Stage2 ChLALIE)Y E Stage?|0 1 1
3_ Stagel Staged {AL(B)IIC) ? Stage3|0 ] 0
4 | Stage2 Staged {10y —
5 | Stagez | Stages D) 4] Staged 1 0 !
6 | Stage3  |Stage3 (14)(D) 5| Staged|1 0 0
7 | Stage2 Staged (18).(D) + (&) 6] Stageb |1 1 1
8 | Staged Staged (1A} + (AL{!B) + (AL(B).LC) | 7| Stage7 |1 1 0
5'_ Staged Stageh {AL(B)AIC) B)
E Stageh Stageb
11| Stage6 Stagef E)
12 Stages Stage7 (E)
E Stage7 Stage1 {E)
ﬂ Stage7 Stage7 (IE)

0)

Puc.3.26. Cunre3 koneunoro asromara o VHDL-koxy B ciyuae
UCIIOJIb30BaHus aTprOyTa Syn_encoding (A1Bou4HOE KOAUPOBAHHKE):
a) rpag-aBToMar, BocctanosneHHbii m3 VHDL-koxa; 0) ycnoBust
HEPEXO/I0B 110 COCTOSHUSIM; B) TAOJIHUIIA IIEPEXOI0B

CpaBHuTenbHble pe3ynbraTsl MeTofoB OHE u nBonyHOro
koaupoBanus g [IJIMC  cepuit  APEX u STRATIX ¢
UCTIOJIb30BAHUEM SIBHBIX M HE SBHBIX CTWJIEH KOJIUPOBAHMS
npezcTaBieHsl B Ta61.3.1.
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Tabmuma 3.1

CpaBuuTenbHble pe3ynbraTsl MeTo10B OHE u nBonunoro

KOJIUPOBaHUS
CTuiib KOAMPOBAHUS Yucino | MakcuMmanbHasi TAKTOBas
TPUITEPOB |  uacToTa, fy,, , ML
APEX20KE | STRATIX
11
Py4Hnoii crioco6 8 290 -
KOJIMPOBAHUS 110 METOTY
OHE ¢ RS-tpurrepom Ha
BBIXOJIC
JIBonyHOE KOJIMPOBAHUE 3 262 400
(IBYXTIPOLIECCHBI
11a0JI0H, SIBHBIH, aTpuOyT
enum_encoding)
HOT (nByxmporieccHbIN 6 290 400
11a0JI0H, SIBHBIM, aTprOyT
enum_encoding)
OnHonpoueccHbI 10 290 400
= 11a6oH (He
> = .
5o SIBHBIH )
= T | IIByxmporeccubrii 7 290 400
E g mabmoH (He
g & SIBHBIH )
§ 5 | TpexmporneccHblit 7 290 400
s mabJIoH (He
SIBHBIH )

IIpu pa3paborke KoHeuHbIX aBromaToB B Oaszuce ITJIMC
FPGA na s3pike VHDL naubGonee >3¢h¢hexkTHBHBIM pelieHueM
ABIISIETCS MCIIOJIB30BAaHUE HE SIBHOTO CTWISA KOJMPOBAaHUS WIH

SBHOTO C

npuMeHeHreM arpuOyra Syn_encoding,
kommuiATopy-cuarezaropy CAIIP  Quartus I
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Jorudeckux pecypcoB. Kak mokazanu 3KCHEPUMEHTHI C JaHHBIM
npuMepoM, i BbicokomHTerpupoBanHbeix [IJIMC FPGA cepun
STRATIX 1ll, ctunmm KomupoBaHWS TIEPECTAIOT BIUATH HaA
MaKCHUMaJIbHYIO TAKTOBYIO YaCTOTY paOOThl KOHEYHBIX aBTOMATOB.

Meronq OHE mnpumenurensno k I[IJIMC FPGA, naer
BO3MOXXHOCTh CTPOUTH KOHEYHBIE aBTOMAThl, KOTOpPbIE B OOIIEM
ciydyae TpeOyroT MEHBIIUX PECypcoB W OTJIMYarOTCs Oolee
BBICOKMMHM CKOPOCTHBIMH IIOKa3aTeNsIMH, 4YeM aHaJIOTHYHbIe
KOHEYHbIE aBTOMAThl C JBOMYHBIM KOJUPOBAHUEM COCTOSHHIL.
Opnako, eciM 4YHCIO COCTOAHUNA He Oonee 8, TO IBOMYHOE
KOJIMPOBaHUE MOXKET OBbITh OoJiee 3(PPEKTHBHBIM.

[loBeimenHoe  ObicTpoaeiictBue 1o  wmetonqy OHE
o0OecrieunBaeTcs MEHBUIMM YHCIOM YPOBHEW JIOTUKH MEXIY
pabounmMu (ppOHTAMHU CHHXPOCHUTHAJIOB, YEM B CIy4ae JBOHMYHOTO
KoaupoBaHus. Jlormyeckue cxemMbl TpPU OSTOM  YIPOLIAKOTCH,
nockonbky Mmetrog OHE mnpaktuyecku He TpedyeT JOTHUKU
nexkoaupoBaHus cocTosHui. [lomywarommiics B pesynbrare
MOCTPOCHUS KOHEYHOTO aBTOMAara HaboOp TPHUITEPOB MOXO0XK Ha
CTPYKTYpY THIIa CABUTOBOTO PErHCTpa.

bricTponelictBue koHeuHoro aBromara tuna OHE ocrtaercs
MOCTOSHHBIM C YBETHMYEHHEM 4HcIia COCTOSHWA. M HampoTwus,
OBICTPOACICTBHE KOHEYHOTO aBTOMAaTa C BBICOKOW CTENEHBIO
KOIAMPOBAHUSI COCTOSIHUIN CHUKAETCA C YBEIIMYEHHEM KOJIMYECTBA
COCTOSTHUHM, TMOCKOJIIbBKY B O3TOM cly4ae i JCKOJWPOBAHUS
TpeOyercss Ooblliee YUCIO YPOBHEH JIOTMKU C OOJIBIIUM YHCIOM
JIAHUU.

[Ipn mpoexTupoBaHuu HU(PPOBBIX ABTOMATOB Ha SI3BIKAX
OMHCAaHUS  aNMapaTypHbIX CPEICTB  BO3MOXKHO  IOSIBICHHE
HEJOMYyCTUMBIX COCTOSHUKA. B 3TOoM ciydae HeoOXoauMo
JOOMPENIEISITh COCTOSIHUSI aBTOMaTa, KOTOPHIE B CBOKO OYepelb
MOTYT CHUXKATh €ro OBICTPOICHCTBHE.
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3.3. Ucnosib3oBanue nupoBbIX AaBTOMATOB B TEXHOJIOTHH
nepudepuiinoro ckanupopanusi bUC

Tepmunom JTAG 0003HA4alOT COBOKYITHOCTH CPEICTB H
OTIepallMii, IO3BOJIAIOIIMX MPOBOANTH TecTupoBanue BUC 06e3
duznueckoro mocTyma K KaxaoMy ee BhIBOJY. AOOpeBuatypa
JTAG BO3HMKJIIa TI0 HAaMMEHOBAaHMIO  pa3paboTuMka —
o0bemMHEHHON rpymmbel Mo Tectam Joint Test Action Group.
TepmunoMm “nepudepuitHoe CKaHUpPOBaHWE” WM TO-aHTJIMHCKH
Boundary Scan Test (BST) naseiBator TectupoBanue 1o JTAG
cranmapty (IEEE Std 1149.1). Takoe TecTHpOBaHHE BO3MOXKHO
tonbko st IC, BHYTpH KOTOpPBIX MMeeTcsi Habop creluanbHbIX
9JIEMEHTOB — siueek mepudepuiinoro ckanuposanus (Boundary
Scan Cells) u cxem ympaBieHuss ux paboToil. MexaHu3m
rpanuyHoro  ckanupoBanuss  (Boundary  Scan)  sBnsercs
MIPOMBINIJICHHBIM CTaHJAPTOM, KOTOPBIM OB pazpaboTaH Ipymmoit
CHEIHMAIUCTOB MO TMpoOJeMaM TeCTUPOBAHUS AJIEKTPOHHBIX
kommnoHeHT. Bee cemeiictBa ITJIUC ¢upmbl ALTERA (FLEX 10K,
MAXO9000,APEX20K wu nxap.) B TOM wWIM WHOH CTENeHU
MOJJIEP>KUBAIOT 3TOT CTaHJApT. B pa3HBIX cemelicTBax Mo-pa3zHOMY
pean30BaHbl CXeMbl MOJACPKKUA CTaHIAPTa, OHU UMEIOT pa3HbIe
BPEMEHHbIE T[apaMeTppl M COCTaB CHTHalIoOB HHTepdeiica.
[TpeumymectBom apxutekTypsl JTAG sBasercs OTCYTCTBUE
HEOOXO/IMMOCTH SIBHOTO 33JaHUsl a/IPECOB YCTPOUCTB, MOCKOIBKY
Bce JTAG-ycTpoiicTBa OOBEIUHSIOTCS B TOCIEIOBATEIBHYIO
LEMOYKYy M HESBHO aJpEecylOTCsl CBOMM IOJOXeHHeM B Hell. Ha
puc.3.27 nokaszansl 070K cxema merona mo crangapry |EEE Std
1149.1 (a) u crpykrypHas cxema JTAG — KoHTposuiepa
ucnons3yemoro B [TJIMC pupmer Altera (6).
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Test data registers }—‘

nNADD

TDI ms(ru ctlon decode

TDO

Instruction register }J

FRE e b

Select
TTEETOBLIA CHIEAA, CHIHARLL YHpABASHH | PericTp Perncrps
JANVAN MHCTPYELHA AAHHBE
UFDATE IR UFDATE DR
TAP CLOCHK IR g;(lﬁFCTKD];R
g controller SHIFT IR

T™S @ ] ‘

TCK @
TRST B

al
Instruction register

TDI lu -’_’—D >
URDATE IR I: TDO

»
ALOCK IR|y
EHIFT IR[g)
L J
TaP ‘ Instruction| Decode

ert] Controller
TCK I

UFDATE DR Data Registrs

<lJOCK DR

TRST - SHIFT DR ’J_| Bypass Register

>
‘ L
Boundary Scan Register

F+:|:D :

Device ID Register
hm i

Uescode Register

£)

Puc.3.27. bnok cxema merona no crangapty IEEE Std 1149.1 (a) u
cTpykrypHas cxema JTAG — KOHTpoIIIepa UCIOJE3YeMOTO B
ITJINC dupmer Altera (6)

Kak Bugno w3 pwuc.3.27, a, uMeeTcs BO3MOXKHOCTH
BbIOMpaTh MyTh npoxoxaeHus qauHbix ot TDI k TDO: nu6o uepes
peructp komann (Instruction Register), nmubo dYepe3 peructp
nanHbix (Data Register). Peructpom naHHBIX B KaXKIIbIii MOMEHT
BPEMEHU MOXET OBITb OAMH U3 CIEAYIOIUX pPErucTpoB:
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MOCJIEA0BATEIbHBIN CIBUTOBBIN peructp TPaHUYHOIO
ckaaupoBanus (Boundary-Scan register); BHYTpeHHUH peructp,
MIPETYCMOTPEHHBIN pa3paboTunkoM yctpoiicTBa (Internal register);
peructp ooxona (ByPass register); uaeHTUGUKAITMOHHBIA PETUCTP
(Identification register).

Peructp MHCTpYKLMII COCTOMT U3 COOCTBEHHO CIBUIOBOTO
perucTpa, HeKOTOPOil JAEKOIUPYIOIIEeH JIOTUKH (B 3aBUCUMOCTU OT
KOJIMYECTBA M TUIIOB PEAIU3YEMbIX KOMAHJ) U CEKIUU XPaHCHHUS
nexoaupoBaHHoW koMmauzbl. Jlnuua IR-peructpa momkHa ObITh
0oJbIIIe OBYX.

Ha pwuc.3.28, a mnpuBeaeHa cTpykTypa pa3MeIICHUS
anmapatHeix cpeacts untepdeiica JTAG proASIC BUC ¢upmbl
Actel. Tak >xe mokazaHo ucronb3oBanre JTAG s TECTUPOBAHMS
BHyTpeHHe noruku UC (puc.3.28, 6) u [ TECTHUPOBAHUS
MekcoequHenuit (puc.3.28, ).

Ha puc.3.29 mnokazan rpad cCOCTOSHHUM H TIEPEXOI0B
ympasistoniero asromara TAP-kontposepa (Test Acces Port
Controller), obecneunBatomero BoinonHenue Qynkuui JTAG —
CXEMAaTHKH.

Ha peructp uncrpykuuii (Instruction Register) no curnamy
TDI nmpuxoaut ympapmsiomias KOMaHaa, oHa AemudpupyeTcs B
nemudparope (Instruction Decode) u B 3aBucuMOCTH  OT
NOJy4eHHOro koaa K Beixogy TDO mnoakirodaercs OAMH U3
BHYTPUCXEMHBIX peructpoB. Boundary-Scan Register — ciyxur
JUTSL BBOJIA WJIM YCTAHOBKM CUTHAJIOB HA BBIBOJIBI HcmibITyeMoi NC,
Device ID Register — B 3TOM perucrpe XpaHUTCS
unentudukanuonusii kox MC, ByPass Register — 01HOOUTOBBIIM
peructp, 3ambikaeT cur"Hanel TDI m TDO (ymeHbliaeT anuHy
JTAG-nytu u  obOecrneuyuBaeT BO3MOXHOCTh  MPO3pPAvyHOI
perpancisiuuu AanHbIX yepe3 JTAG-koutpomiep), UESCODE — B
3TOM PETUCTPE MOJIB30BATEIh MOKET XPAaHUTh CBOIO MH(OPMAIUIO
00 UC (manpumep, ee nopsanok B JTAG - nenouke).

Buemnune otHocutensHo TAP — koHTpomiepa cUrHaibl:
TDI, TMS, TCK, TRST, TDO. Curnanst UPDATEIR, CLOCKIR,
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SHIFTIR, UPDATEDR, CLOCKDR, SHIFTDR ¢opmupyer TAP
— xoHTpoiuiep. TAP — xoHTpoiuiep TpencraBiisier coOoi
CUHXPOHHBI KOHEYHBIA aBTOMAT C HIECTHAJIAThI0 COCTOSHUSIMU,
U3MEHSmMUM  coctosstHue 1o (ponty  curHama  TCK
(cuHXpouMIyJbCa) U 1O BKIOYeHHIO nuTaHus. CmeHou
COCTOSIHMM  ympaBisier curdHan TMS, BocnpuHUMaeMbId 10
nepearemy ¢pponty curana TCK.

Test Data
Registers

Tectupyeman
BHFTPEHHAA
ADTHEA

TAP Instruction
Centroller Register

8]

Tectupyeman

Tectupyeman
BHYTpEHHAA

TecTapyetas
BHYTREHHAA

AOTHHA LETE AOTHEA

HC 1 Hcz

=D —

Puc.3.28. Ctpykrypa anmapatsbix cpeactB natepdeiica JTAG
proASIC BUC ¢upmsr Actel (a); 6) - ucnonn3osanue JTAG mis
TECTUPOBAHUS BHYTPEHHEH JIOTHKU; B) - JJISI TECTUPOBAHUS
MEKCOEIMHEHU Ha IeYaTHOM Tj1aTe
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TEST_LDGICH

TMS =1 REBET

TME =D SELECT OR_ScAN  TMS=1 | SRLACT iA_SCAN
TMS =1 TMS =1
™S =0
TMS =0 TS =0
TME = TS =
CAPTURE_DR CAPTURE_IR
™5=0 ™S =0
TMS=0 TMS=0
TMS =1 TMS =1
TMS =1 TS =1
TME =0 TMS =0
PALSE_DOR
TMS =0 TMS =D
™S =1 ™S =1
TMS =0 TS =0
™S =1 ™S =1
TME = ™
LUPDATE DR LIPDATE_IR
™S =0 TMS =0

Puc.3.29. I'pad cocTostHMIT B ITepeX010B YIIPABISIFOIIETO aBTOMaTa
TAP-koHTpOIIIEpa
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Korma TAP — KxoHTpomiep HaxXOOWUTCS B COCTOSIHUH
TEST LOGIC/RESET, peructpsl HaHHBIX HE aKTHBHUPOBAHBI,
YCTPOWCTBO HAXOAUTCSI B CBOEM HOPMAJIbHOM COCTOSIHUM U
WHUIUAIU3UPYETCA PETUCTP UHCTPYKLUH.

[Ipu BKIIOYEHHM NMHUTAHUA WM MPU MOJa4Ye MMITyJIbca Ha
BeiBOg TRST (cOpoc), aBTOMar mEPEeXOAUT B COCTOSHHE
TEST LOGIC/RESET. BeiBog TDO HaxomuTcsi B Z—COCTOSIHUH
npu Bcex coctosaHusix TAP — koTposuiepa KpomMe COCTOSTHUM
SHIFT IR (peructp komMaHn paboTaeT B pPEKHME CABUTA) M
SHIFT DR (peructp maHHbIX paboTaeT B pexume caBura). Beison
TDO nmnepexoguT B AaKTUBHOE COCTOSHHE [0 TEPBOMY
Hapacratomemy ¢ponty curHana TCK mocne mepexoma TAP —
koHTpoiiepa B coctossHue SHIFT IR wumu B cocrosiHue
SHIFT DR. BeiBog TDO Bo3Bpamaercsi B Z—COCTOSHUE IO
¢pouty cnana curHana TCK mocne Bbixoga TAP — koHTposiepa
u3 coctosgnus SHIFT IR unu cocrosnus SHIFT_DR.

IIpaBas yacth rpada puc.3.19 orHOcuTcs k 3ammcu B IR-
peructp ympaBmsitomeir JTAG komanael. UToOBI  3arpy3uTh
YIPaBJISIONIYI0 KoMaHay B |IR-peructp HykHO:

1. Tlepeéitu wu3 cocrossuus TEST LOGIC/RESET B
cocrosare SHIFT IR. Jlns »toro Ha Bxox TMS mnonarte
nocnenosarenbHocTs 01100, cuaxponnyro ¢ curnanamu TCK. B
pexxume SHIFT IR TAP — KoHTposulep MOIKIIOYAeT CABUTOBBIN
IR- peructp k BeiBogyam TDI u TDO. Teneps Ha curnan TDI B
casurosblil IR-peructp moxHo nogats 100yt JTAG komanmy.

2. Jns 3amucu BBeJeHHON koMaHnbl B IR-peructp Hy»)HO
nepeiitu B coctossane UPDATE_IR (mocnenoBaTensHOCTh Ha BXOJ
11 TMS) unu mipoiitu uepe3 cocrosiuust EXITL IR - > PAUSE_IR
- > EXIT2_IR (mocnenoBarensHocTh 1010 Ha Bxome TMS).

3. [Mocne 3amucu JTAG KOMaH[IBI OCYIIECTBIISIETCS TIEPEXO/T
B cocrossaue SHIFT_DR. B cocrosaun SHIFT_DR Bo3mokHa
3aMuch WU YTEHHWE JMJAaHHBIX C PETrUCTpoB HaHHBIX TAP -
KOHTpoJUIepa (3aBHCUT OT BBEIEHHOW KOMAaHIbl B COCTOSHUH
SHIFT_IR).
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JleBas wacth rpada (puc.3.29) waeHTHYHA TMPaBON YaCTH
rpada, Ho BMecTo paboThl C KOMaHAaMU OCYLIECTBIIAETCS paboTa ¢
nanusiMu. DopmupoBanue Ha Bxojae TMS mocnegoBarenbHOCTH
0100 cHMHXpPOHHO C HapacTAMIMM (POHTOM CHHXPOUMITYJIbCA
TCK mnpuBener K 3arpy3ke perucrpa JIaHHBIX (KaKod HWMEHHO
peructp OyAeT 3arpyxkaThCsi ompenensercs HHCTpykuued B IR-
peructpe) ¢ Bxona TDI. Eciu y BeIOpaHHOTO perucrpa JaHHBIX
NapajuleNbHBIM  BBIXOJ COACPIKHUT 3alleNKy, TO 3alleJIKHBAHUE
npoucxoauT B coctossaun UPDATE_DR. Cocrosnus EXIT1 DR,
PAUSE_DR u EXIT2_DR ucnonb3ytoTcs TOJBKO ISl HABUTALUN
o rpad-aBTomary.

Crangapr IEEE 1149.1 npeanuceiBaer TOJbKO 3
o0s13aresIbHbIE KOMAaHIbI (BYPASS, EXTEST,
SAMPLE/PRELOAD), HeoOxomumbie aisi (QYHKIHOHUPOBAHUS
anmapara Boundary-Scan, a Bce OCTalbHbIE  SIBISIFOTCS
HE00s13aTeIbHBIMU (JIONTOJTHUTEIIbHBIMU ).

OO0s3aTenbHbIE U JOMOJHUTEIbHBIE KOMAaH/IbI B CTaHIAPTe
TOJILKO OMHUCBHIBAIOTCS (YHKIMOHATBHO, a WX peanu3anus Ha
anmapaTHOM YpOBHE OCTaBleHa TMOJTHOCTBIO Ha YCMOTpPEHUE
paspabotunka. Komanna BYPASS, mno3Bomser »s¢dextuBHO
OpPraHW30BBIBATh [UIMHHBIE TIOCTENIOBATENbHO OOBEAMHEHHBIE
nenouku u3 tectupyemblx C. Komanna EXTEST oGecnieunBaer
BO3MO)XHOCTh CHUMATh WJIM yCTAHABJIMBATh JIOTUYECKUE 3HAYCHUS
Ha koHTakTax HC. Komanma SAMPLE/PRELOAD mno3BomsieT
TecTupoBaTh siapo MC B CTaTUYECKOM pPEXHMME, BBICTABIISIS WITU
CHUMas 3HAYCHHsI IOTUYECKUX YPOBHEH Ha TPAHMIIE €T0 BHIXOAHBIX
Oydepos.

B cranmapre Tak ke MPUBOAATCS SIEKTPUUECKUE CXEMBI
sueiiku casuronoro peructpa IR-peructpa (puc.3.30, a) u gueiika
BSR-peructpa (puc.3.30, 6). Sueiika BSR-peructpa cocrout u3s
nByx D-tpurrepoB, paboTarommx 10 (QpPOHTY HapacTaHUs
CUHXPOHMMITYJIbCA, JBYX MYJIbTHUIUIEKCOPOB. PaHee Takue sdeiku
WCIIONIF30BAINCH TSl peanu3allid JJIEMEHTOB MaMSITH B METOJE
ckanupoBanus nytu (Scan Path). Peructp HWHCTpYKIHE MOXeET
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Ob1Th Tpex OuTHBIM Kak y [IJIMC ¢upmer Actel (puc.3.30, 6), Tak u
10-tu outHeM Kak y IIJTMUC dupmer Altera. STueiiku BSR-peructpa
MOTYT paboTaTh B pa3HbIX pekuMax. B pabouem pexxume OHHU
NPOIYCKAIOT CHTHAIIBI Yepe3 cedsl clieBa HAIPaBO U HE M3MCHSIOT
(GYHKIMOHUPOBAaHUE CXeMBbI. J[J1s1 BBIXOOB OOBIYHOTO JIOTHYECKOTO
TUIIA HY)KHa OJIHA S[UEiKa, /I BBIXOJOB C TPETHUM COCTOSTHUEM —
JIBE, JUIs AByHarpaBieHHbIX TpH (puc.3.30, 2).

Pazpabotunk MOXET CaMOCTOSITEITLHO OIucaTh
dbyakuuonupoBanue  TAP-KoHTpouiepa €  HCIOJIB30BaHHUEM
BBICOKOYPOBHEBBIX SI3bIKOB OIMCaHMs ammapatypsl. Ha Bpeske
noka3zano omnucanue [AP-xontpomnepa na sizeike AHDL CAIIP
MAX+Plus Il, a na puc.3.31 Bpemennbie uarpaMmsl pabotsl TAP-
KOHTPOJLIEPA.

IRZ IR1 IRD
ShiftLIR - } ! }
PCl [Instruction Latch Latch Lalch
Date p—| il bt TOI 00
From last call p | ) X shit | | st snit | |
ClockIR L Register Register Register
UpdatalR To next
P cell s 2 1’
Reeal
Buter 001 zarpyakTcs B CAEHMOELIH
a) perHcTp B cocrogHun Capture IR
50 & BSR-guefiky o)
BSREG
50
Mode p Oulput Enable
T L Pl BSREG FO
F1 M 0 Ly D Sl
R 1 Ha/e Konramruaa
ShifFtOR ¥ Rl R2 anpo pa 50 MAOLIAKR
]6/IUX1 KpHCTAAAR —=|Pl BSREG FO —
1 sl
b >
fopul Datj— PO B::EG Pl
51 ClockDR  UpdetelR o

8]

H3
BSR-guefikn

Puc.3.30. Sueiika casurosoro IR-perucrpa (a) u siaeiika BSR-
peructpa (0), Tpex outHbIii peructp uucTpykuuit [IJIUC Actel (B),

UCTOJb30BaHue siueek BSR-peructpa mis oprannzanum

JIBYHAIIPABJICHHOTO BBIX0/a (T)
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SA3pik onucanus anmapatypel AHDL paszpabGortan dbupmoit
Altera w mnpenHazHadeH [UIsl ONUCAHUS KOMOMHAIIMOHHBIX U
MIOCJIEIOBATEIbHOCTHBIX ~ JIOTUYECKHUX  YCTPOMCTB, T'PYIIIOBBIX
onepaiuii, HU(PpPOBBIX aBTOMATOB U TAOJIUIl UICTUHHOCTH C YYETOM
apxutekTypHbix ocobennocteit [IJIMC d¢upmer  Altera. On
nonHocThio  uHTerpupyercss ¢ CAIIP IIJIMC MAX+Plusll wu
Quartus l. ®aiinbl onucanus annaparypbl, HalMCAHHBIE HA SI3bIKE
AHDL, umeror pacmupenue “* TDF” (Text design file). [lus
cozganus TDF-¢aiina MOXHO HCIIONB30BaTh KaK TEKCTOBBIN
penaktop cucreMbl MAX+Plusll, Tak u mob6oit apyroii. [Ipoekr,
BBIMIOJTHEHHBIN B BUJIE TDF-aiina, KOMIIUJIMPYETCH,
OTNIAXXMBAeTCd U HUCHoNb3yeTcss 1 ¢opMupoBanus (aiina
nporpammupoBanus uin 3arpys3ku [IJIMC ¢upmer Altera.

Onepatoppl u 3nemeHTol  s3pika  AHDL  sBastores
JIOCTaTOYHO MOIIHBIM M YHHUBEPCAIBHBIM CPEICTBOM OINUCAHUSA
AIrOpUTMOB (PYHKIIMOHUPOBAHUS LUPPOBBIX YCTPONCTB, YIOOHBIM
B HCNOJB30BaHUM. S3bIKk omnucanus anmapatypel AHDL paér
BO3MOXXHOCTb CO3aBaTb HEPApXUUYECKUE IPOEKTHl B paMKax
OJTHOTO ~ 3TOro  s3blka WMIM  Hcnosb3oBaTh  TDF-gaiinsl,
pa3paboTtannbie Ha s3pike AHDL, Hapsgy c¢ apyrumMu TuUnmamu
¢aitnos. [Inga co3ganus mpoexktoB Ha AHDL MOXHO, KOHEUHO,
NOJIb30BaThCs JIIOOBIM TEKCTOBBIM PEIAKTOPOM, HO TEKCTOBBIH
penakTop cucreMmbl ~ MAX+Plusll  nmpenocraBnser — psa
JIOTIOJIHUTEIBHBIX BO3MOXKHOCTEM [UIsl BBOJA, KOMIIMIISALUU U
OTJIQJKHU TIPOEKTOB.

[TpoexTs! (mpumep 1), coznanusie Ha s3pike AHDL, nerko
BHE/IPSIOTCSL B MepapXuuecKyro cTpykTypy. Cuctema MAX+Plusll
MO3BOJIIET  aBTOMAaTHMYECKH  CO3JaThb CHMBOJ  KOMIIOHEHTA,
QITOpUTM  (YHKIMOHHUPOBAHUS KoToporo omuceiBaercs TDEF-
daiinom, u 3aTeM BCTaBUTH ero B ¢aiin cxemuoro onucanus (GDF-
daitn). [TomoOHBIM ke 00pa3oM MOXKHO BBOIUTH B Jr000i TDF-
daitn  coOcTBeHHble (QYHKIMU pa3paboTunka u okoso 300
MakpoyHKLUH, pazpaboTaHHbIX pupmoit Altera.
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SUBDESIGN avtomat

(TCK, TRST,TMS: INPUT;

UPDATEIR,CLOCKIR,SHIFTIR, UPDATEDR,CLOCKDR,SHIFTDR:
OUTPUT;)

VARIABLE

TAP_controller: MACHINE

OF BITS (g3,92,91,90)

WITH STATES (TEST_LOGIC_RESET, RUN_TEST_IDLE,
SELECT_DR, CAPTURE_DR, SHIFT_DR, EXIT1 DR, PAUSE DR,
EXIT2_DR, UPDATE_DR, SELECT IR, CAPTURE_IR, SHIFT IR,
EXIT1 IR, PAUSE IR,EXIT2_IR,UPDATE_IR);

BEGIN
TAP_controller.clk = TCK;
TAP_controller.reset = TRST;

TABLE
% Present Next %
% State  Inputs State Outputs %

TAP_controller, TMS => TAP_controller, UPDATEIR, CLOCKIR,
SHIFTIR, UPDATEDR, CLOCKDR, SHIFTDR;

TEST_LOGIC RESET, 1=>TEST _LOGIC_RESET,0,0,0,0,0,0;
TEST_LOGIC RESET, 0=>RUN_TEST _IDLE,0,0,0,0,0,0;
RUN_TEST _IDLE, 0 =>RUN_TEST _IDLE,0,0,0,0,0,0;
RUN_TEST IDLE, 1=>SELECT DR,0,0,0,0,0,O0;

SELECT DR, 1=>SELECT_IR,0,0,0,0,0,
SELECT DR, 0=>CAPTURE_DR,0,0,0,0
CAPTURE DR, 0 =>SHIFT DR, 0,0,0,0,1
CAPTURE DR,1=>EXIT1 DR,0,0,0,0,1
SHIFT DR, 0=>SHIFT DR, 0,0,0,0,0, 1;
SHIFT DR, 1=>EXIT1 DR, 0,0,0,0,0, 1;
EXIT1 DR, 1=>UPDATE_DR,0,0,0,0,0,0;
EXIT1 DR, 0=>PAUSE DR,0,0,0,0,0,0;
PAUSE DR, 0 =>PAUSE DR, 0, 0, 0,
PAUSE DR,1=>EXIT2 DR,0,0,0,0,0,0;
EXIT2 DR, 0=>SHIFT DR, 0,0,0,0,0,0;
EXIT2 DR, 1=>UPDATE_DR,0,0,0,0,0,0;
UPDATE DR, 1=>SELECT DR,0,0,0,1,0,0;
UPDATE DR, 0 =>RUN_TEST IDLE,0,0,0, 1,0, 0;

0, 0;
, 1
1
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SELECT IR, 1 => TEST_LOGIC_RESET, 0, 0, 0, 0, 0, 0;
SELECT_IR,0=>CAPTURE_IR, 0,0, 0,0, 0, 0;
CAPTURE_IR,0=>SHIFT_IR,0,1,1,0,0,0;
CAPTURE_IR,1=>EXIT1 IR,0,1,1,0,0,0
SHIFT_IR, 0=>SHIFT_IR, 0,0, 1,0, 0, O;
SHIFT_IR,1=>EXIT1_IR,0,0, 1, 0,0, 0;

EXIT1_IR, 1 =>UPDATE_IR,0,0,0,0,0, 0;

EXIT1_IR, 0 =>PAUSE_IR, 0, 0,0,0,0, 0;

PAUSE_IR, 0 => PAUSE_IR, 0,0, 0, 0, 0, O;

PAUSE IR, 1=>EXIT2_IR, 0,0, 0,0, 0, 0
EXIT2_IR,0=>SHIFT_IR,0,0,0,0,0,0;

EXIT2_IR, 1=>UPDATE_IR, 0,0, 0, 0, 0, 0;
UPDATE_IR, 1=>SELECT DR, 1,0,0,0,0,0;
UPDATE_IR,0=>RUN_TEST_IDLE, 1,0, 0, 0, 0, 0;
END TABLE;

END;

[Tpumep 1. Onucanune TAP-konTposiepa Ha si3pike AHDL

l ’

Name: Value f ZEPns EDQns 75Pn5 WDD‘Dns 125‘Dn5 WED‘Dns 175‘Dn5 ZDDIDns ZZE‘Dns ZEDIDns
o-TrT ] 0|

5= Ths 1 \
- ToK 0 | | | \ | \ | | |

b AP_cantraller - - f RUNTESTIDLE Y SELECTDR | SELECTIR  f  CAPTUREIR | SHFTIR
= UPDATEDR
= SHIFTOR

= CLOCKDR
= UPDATER
= SHFTR

= CLOCKR

o o o o o o

ﬂ

Marme alue: l ZEDIDns 275‘Dns BDDIDns 325‘Dns BEDIDns 375‘Dns 400.‘Dns 425‘Dns 450.‘Dns 475‘Dns bl
= TRST 0

B=ThS 0
=Tk I \ \ \ \ \ | \ | [(
EER

@) AP _controller | CAPTURE_R SHFTR ¥ EXM_R  f PAUSEIR )} EXT2R_ § UFDAIER
=i UPDATEDR 0
=i SHIFTOR 0
= CLOCKDR i
=i UPDATER 0

1

1

]

= SHIFTIR
= CLOCKIR

-

Puc.3.31. Bpemennsie nuarpammsel padotsl T AP-KOHTpoIIiepa
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[Tpumep 2 nemonctpupyet onucanue T AP-koHTposiepa Ha
s3eike VHDL. Ha puc.3.32 npuBeneno TtectupoBanue 1AP-
KOHTpoJuiepa. TecTHUpPyIoTCsS BCEBO3MOXKHBIC YCIOBHUS IMEPEXOJI0B
rpag-aBTomara.

LIBRARY ieeeg;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;

ENTITY JTAG IS

PORT(TCK,TRST,TMS: IN STD_LOGIC;

UPDATEIR, CAPTUREIR, SHIFTIR, UPDATEDR, CAPTUREDR,
SHIFTDR, ENA_TDO, SEL_IR : OUT STD_LOGIC;
STATE_JTAG: OUT STD_LOGIC_VECTOR(3 DOWNTO 0));
END JTAG;

ARCHITECTURE a OF JTAG IS
TYPE state_values IS (TEST_LOGIC_RESET, RUN_TEST_IDLE,
SELECT_DR, CAPTURE_DR, SHIFT_DR,
EXIT1_DR, PAUSE_DR, EXIT2_DR, UPDATE_DR, SELECT_IR,
CAPTURE_IR, SHIFT_IR, EXIT1_IR, PAUSE_IR, EXIT2_IR,
UPDATE_IR);
signal state,next_state: state_values;
BEGIN
-- perucTepHsIii 070K
statereg: process(TCK,TRST)
begin
if (TRST ='1") then state<=TEST_LOGIC_RESET;
elsif (TCK'event and TCK="1") then
state<=next_state;
end if;
end process statereg;
-- KOMOMHATOPHBII 0JIOK (JIOTHKA TIEPEX0/I0B)
process(state, TMS)
begin
case state is
when TEST_LOGIC_RESET=>
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STATE_JTAG <="0000";

IF (TMS='0")THEN next_state<=RUN_TEST _IDLE;
ELSE next_state<=TEST_LOGIC_RESET;
END IF,;

when RUN_TEST_IDLE=>

STATE_JTAG <="0001";

IF (TMS="1)THEN next_state<=SELECT_DR,;
ELSE next_state<=RUN_TEST_IDLE;

END IF,;

when SELECT_DR=>

STATE_JTAG <="0010";

IF (TMS="1)THEN next_state<=SELECT _IR;
ELSE next_state<=CAPTURE_DR;

END IF,;

when CAPTURE_DR=>

STATE_JTAG <="0011";

IF (TMS="1)THEN next_state<=EXIT1_DR;
ELSE next_state<=SHIFT_DR;

END IF,;

when SHIFT_DR=>

STATE_JTAG <="0100";

IF (TMS="1)THEN next_state<=EXIT1_DR;
ELSE next_state<=SHIFT_DR,;

END IF;

when EXIT1 _DR=>

STATE_JTAG <="0101";

IF (TMS="1)THEN next_state<=UPDATE_DR;
ELSE next_state<=PAUSE_DR;

END IF;

when PAUSE_DR=>

STATE_JTAG <="0110";

IF (TMS="1)THEN next_state<=EXIT2_DR,;
ELSE next_state<=PAUSE_DR;

END IF;

when EXIT2_DR=>

STATE_JTAG <="0111";

IF (TMS="1)THEN next_state<=UPDATE_DR;
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ELSE next_state<=SHIFT_DR;

END IF,;

when UPDATE_DR=>

STATE_JTAG <="1000";

IF (TMS="1)THEN next_state<=SELECT_DR,;
ELSE next_state<=RUN_TEST _IDLE;

END IF,;

when SELECT_IR=>

STATE_JTAG <="1001";

IF (TMS="1)THEN next_state<=TEST_LOGIC_RESET;
ELSE next_state<=CAPTURE_IR;

END IF,;

when CAPTURE_IR=>

STATE_JTAG <="1010";

IF (TMS="1)THEN next_state<=EXIT1_IR;
ELSE next_state<=SHIFT_IR;END IF;

when SHIFT_IR=>

STATE_JTAG <="1011";

IF (TMS="1)THEN next_state<=EXIT1_IR;
ELSE next_state<=SHIFT_IR;END IF;

when EXIT1_IR=>

STATE_JTAG <="1100";

IF (TMS="1)THEN next_state<=UPDATE_IR;
ELSE next_state<=PAUSE_IR;END IF;

when PAUSE_IR=>

STATE_JTAG <="1101";

IF (TMS="1)THEN next_state<=EXIT2_IR;
ELSE next_state<=PAUSE_IR;END IF;

when EXIT2_IR=>

STATE_JTAG <="1110";

IF (TMS="1)THEN next_state<=UPDATE_IR;
ELSE next_state<=SHIFT_IR;END IF;

when UPDATE_IR=>

STATE_JTAG <="1111"

IF (TMS="1)THEN next_state<=SELECT_DR,;
ELSE next_state<=RUN_TEST _IDLE;END IF;
end case;
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end process;

-- JIoTKa (HOPMHUPOBAHHS BEIX0]1a

process (state)

begin

case state is

when CAPTURE_DR => UPDATEIR <='0"; CAPTUREIR <=0}
SHIFTIR <='0'; UPDATEDR <="'0"; CAPTUREDR <="1}
SHIFTDR <="1"; ENA_TDO <='0"; SEL_IR <="0

when SHIFT_DR=> UPDATEIR <="'0"; CAPTUREIR <='0;
SHIFTIR <='0'; UPDATEDR <="0"; CAPTUREDR <="0";
SHIFTDR <="1"; ENA_TDO <="1"; SEL_IR <="0;;

when UPDATE_DR=> UPDATEIR <='0"; CAPTUREIR <=0
SHIFTIR <='0"; UPDATEDR <="'1"; CAPTUREDR <="0";
SHIFTDR <="0"; ENA_TDO <='0"; SEL_IR <="0

when CAPTURE_IR=> UPDATEIR <='0"; CAPTUREIR <="1
SHIFTIR <="1'; UPDATEDR <="'0"; CAPTUREDR <="0";
SHIFTDR <="0"; ENA_TDO <='0"; SEL_IR <="0;

when SHIFT_IR=> UPDATEIR <='0"; CAPTUREIR <="'0";
SHIFTIR <="1'; UPDATEDR <="'0"; CAPTUREDR <="0";
SHIFTDR <="0"; ENA_TDO <="1"; SEL_IR <="1},

when UPDATE_IR=> UPDATEIR <="'1"; CAPTUREIR <="0};
SHIFTIR <='0"; UPDATEDR <='0"; CAPTUREDR <='0";
SHIFTDR <="0"; ENA_TDO <='0"; SEL_IR <="0

when others => UPDATEIR <='0"; CAPTUREIR <='0';
SHIFTIR <='0"; UPDATEDR <="'0"; CAPTUREDR <="0";
SHIFTDR <="0"; ENA_TDO <='0"; SEL_IR <="0;

end case;

end process;

END g;

[Tpumep 2. Onucanue TAP-koHTposiepa Ha s3pike VHDL
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3.4. IlpoexTupoBanue MUGpPoOBbLIX ABTOMATOB
¢ ucnoJin3oBanuem cucrembl MATLAB/SIMULINK u CAIIP
IJIUC Quartus 11

[lenpto  maHHOTO pas3jena SBISACTCS  JEMOHCTpAIHs
Bo3MOkHOCTEH cucrtembl Matlab/Simulink (maker pacmperwst
Stateflow) mo mpoextupoBaHMIO  IUGPOBBIX  aBTOMATOB,
IpPE/ICTABICHHBIX TpadoM TMEepexooB, C MOCICAYIOMEH KX
peanmszanueir B 6asuce IIJIMC. Simulink — rpaduueckas cpena
UMHTAIIMOHHOTO MOJICIUPOBAHUS AHAJIOTOBBIX M JTUCKPETHBIX
cuctem. IIpemocrasiser monb3oBarento rpaduuecKuii nHTepdeiic
JUIl KOHCTPYMPOBaHHs MOJEJIeld W3 CTaHAapTHBIX OJOKOB, 0Oe3
ennHOM cTpoukn Koma. Simulink pabGoraer ¢ JHMHEHHBIMH,
HEJTMHEHHBIMH, HENPEPhIBHBIMHU, AUCKPETHBIME ¥ MHOTOMEPHBIMHU
cucremamu. Cucrema Matlab/Simulink conepxut BcTpOeHHBIIH
reHepaTop Koja si3blKa OMuCaHus amnmapatHbix cpeacts HDL
(Simulink HDL Coder) u opueHTHpoBaHa Ha MOIJICPKKY
cumyssitopa VHDL ModelSim (Mentor Graphics HDL simulator).
Simulink HDL Coder — mporpamMMHBbIii MPOAYKT Uil TeHEPAIUU
VHDL-kona 6e3 mpuBsi3ku K KOHKpeTHoH apxutektype [IJIMC n
miaropme mo Simulink-monensm u rpad-asromaram (Stateflow-
auarpammel). Cucrema Matlab/Simulink s dextusna Takxke mis
pa3paboTku IUPPOBBIX (UABTPOB I peanu3anuu B Oa3uce
IJIMC u LOC mporeccopos, T.k. coxepxut Filter Design HDL
Coder.

Muorue CAIIP BUC, nanpumep, Mentor Graphics (HDL
Designer) u CAIIP ITJINC, Takue kak Foundation ¢pupmsr Xilinx
(cuctema cuntesa FPGA Express Synthesis, pa3spaborannas
kommanueit  Synopsys), StateCAD ¢upmer  Visual  Software
Solutions, Quartus Il (Bepcus 7.2) pupmsbr Altera, Tak ke conepkat
BCTPOCHHBIC CPEICTBA MPOCKTHPOBAHUS HU(PPOBBIX aBTOMATOB,
HO3BOJISIFOT 3a/aBaTh HU(POBOM aBTOMAT rpadoM MEpPexogoB U
noJy4ath aBToMarudecku ko s3pika VHDL wim Verilog.
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ModelSim - nanbonee pacrnpoctpaneHubiii B Mupe VHDL u
VHDL/Verilog-cumynsrop. Iomymspaocts ModelSim orpakaer
ctpemiienne  ¢upmer  Mentor  Graphics  mpegocTaBHTH
MIOJIb30BATEISIM CAMYI0 TIEPEIOBYI0 TEXHOJIOTHIO MOICITHUPOBAHHUS,
BBICOKYIO  TPOM3BOJUTEIBHOCTh W  MOJHYK  TEXHHYECKYIO
nogunepkky.  Cemeiictreo  ModelSim  umeer  yHHMKaIbHYIO
apXUTEKTYpy, OCHOBAaHHYIO Ha NPUHIUIE "ONTHUMHU3UPOBAHHOU
NPpAMON KOMIWISIIUU" U "eIMHOM SIIpe MOACIUPOBaHUA".

ApPXUTEKTYpa, Oazupyromiascs Ha NPUHITATIC
ONTUMHU3UPOBAHHOHN MPSIMON KOMITWISIINY, SBJISCTCS TEXHOIOTHEH
HOBOTO TOKojJeHuss B obOiactu HDL wmopenmupoBanusa. Owna
COCTaBJSIET OCHOBY BCeX MPOAYKTOB cemeiictBa ModelSim. B
COOTBETCTBUH C 3TUM mpuHImnom ucxoausiii VHDL umm Verilog
KOJI KOMITWJIUPYETCS B MAIllMHHO-HE3aBHCUMBIH OOBEKTHBIA KOJI,
UCIIOTHAEMBIM Ha 000 momnepkuBaeMoil 1uiardopme (CAIIP
BUC wunu IJIMC). HenocpenctBenHo ckommuiupoBanubie, HDL-
OOBEKTHI, ABTOMATHYCCKH  ONTUMHU3UPYIOTCS Uil JIFOOOU
NOJICP)KUBAaeMON  MIaTGOpMbl B MOMEHT 3aIllyCcKa MPOTrPaMMbI
ModelSim.

Paccmotpum mpoektupoBanue aBtomara Muu (Mealy) ¢
ucnons3oBanueMm cucremsl  Matlab/Simulink u CAITP TIJIHMC
Quartus. Ha puc.3.33, a noka3aH UCHBITaTENbHBIA CTEH] (MOJETH)
aBromata Munu B cucteme Matlab/Simulink. Tlpumep aBromara
Munu mo3auMcTBYeM U3 CpaBouyHO# cuctembr  Simulink.
Toproseiii aBromat (puc.3.33, 0), npeaHAa3HAYCH /IS BbIIAYH
OYTBUIKM CJIaJIKOW IIMITydel »KuakocTu (curHaim soda), korma
omymeHo 15 muentoB wunu Oonee. ToproBelii aBTOMAT HE
COBEpILEHEH M C/ayM He JaeT, T.e. OCTaBJseT “‘cebe’ MOHETY B 5
[IEHTOB, KOoTopas Oyaer mobOaBieHa kK oOmemy Bkimaxy. [lpumep
0oJiee COBEPIIEHHOTO TOPrOBOTO aBTOMAaTa MOXHO HaWTH B KHUTE
U3BECTHBIX aMEPUKAHCKUX  CICIHUAIMCTOB  XOpOBHIl,  XHJUI
“HcKyccTBO CXEMOTEHHKH .

CyiiecTByeT HEKOTOpBIM BHUJ MOHETHOTO HHTepdeiica,
KOTOpBIM ‘3ariaThIBacT’, pacloO3HAET MOHETY M IOCBUIAET Ha

264



BXOJbl aBToMara curHan Coin (Monera). MoHeTHBIN uHTEpdEiic
peanu3yeTcss ¢ HCHojp3oBanueM curHama Coin (puc.3.33, ).
AmnayoroBelii BxojaHoi curHan CoOIN Ha auarpaMMe IE€pPEXO0JI0B
Koaupyeres cieayrommm obpasom: [Coin==1] - OGporena MoHeTa B
5 uenroB (nickel); [Coin==2] - Gpomrena monera B 10 1cHTOB
(dime)), rme 1, 2 — mepeMeHHbIE BEIIECTBEHHOTO THIA. Ilo3TOMY
curnan Coin gowkeH npuHUMaTh 3HaucHus 1 wim 2 (puc.3.33, 6).
BoixoaHo# curHan Soda KoaupyeTcs ClaeIyoInuM 00pa3om:

{Soda=0} — ner OyThUIKH;

{Soda=1} — OyTsLiKa.

KBanparnbie ckoOku [] 0603HauatoT ycinosue, GurypHeie {}
— neiictBue mo ycnosuto. 3anuch [Coin==1]{Soda=0} rosopur o
TOM, YTO BBIXOJ] aBToMata Mwin sBIsieTcsl (QyHKIMEH, Kak
TEKYIIET0 COCTOSHUS, TaK M HAYAIBHOTO BHEIIHETO BO3JICHCTBHS,
T.e. oT curnaia Coin.

ABTOMAT MOET NMPUHUMATL TpU coctostHus (puc.3.33, 6):
got_0, got_nickel, got_dime. ITepexomapl IO COCTOSHUAM IOMEYEHBI
muppamu. Korma cocrossaue Qgot 0 akTUBHO, BO3MOXKHBI
CleIytolire mepexopl: OpoireHa MoHeTta B 5 mentoB (Coin==1)
BBIXOJl TOPrOBOTO aBTOMara NpHHUMaeT 3HadeHue So0da=0, a
CITETyIOIIMM aKTHBHBIM cocTostHueM Oyaet got_nickel (mepexon 1).
Ecnmu Opomena monera B 10 menroB (Coin==2), TO BBIXOJ
TOPrOBOTO aBTOMAara MpUHUMaeT 3HaueHne S0da=0, a cieayronum
aKTHBHBIM cocTosiHHeM Oymer got_dime (mepexon 2). Ecinu He
OpollleHa HU OJJHA U3 MOHET, TO aBTOMAaT OCTAEThCS B COCTOSIHHH
got_0. OcTanpHbIe MEPEX0/Ibl 10 COCTOSIHUM BUIHBI Ha puc.3.33, 6.

[Tocne Toro kak, Oynmer co3maHa Mojeidb LU(POBOTO
aBTOMara, HEOOXOJUMO BBIOpATh YHCIEHHBIM METOJl pPEeUICHUS
cucteMbl  nuddepeHManbHbIX  ypaBHeHHl. C  momoIbro
npoBogHuka Monenu (Model Explorer) BriOmpaem JHUCKPETHBIM
meron peuenus (discrete) B Hactpoiikax Solver m HacrpamBaem
rereparop koma s3bika VHDL B menro HDL coder (puc.3.34).
Pesynbrar MomenupoBanus mokasaH Ha puc.3.33, 6.
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Hns momyuenuss koma Ha s3eike VHDL HeoOxomumo B
NPOBOJAHMKE MOJENM Haxarb Ha kHomky Generate. [lpu
KOMIWISILIMK TpoeKkTa LHU(poBOro aBTOMara, TeHepaTop Koja
s3pika  VHDL, corimacHo paHee TpOBEACHHBIM HACTPOWKaM,
AaBTOMATHYCCKH J00aBisieT curHan takTupoBanus CIK, curnan
paspemieHusi TaktupoBaHus clk enable, acHHXPOHHBIH CHTHaI
copoca reset. [Ipumep 1 nemoHcTpupyeT Koa aBromara Muu Ha
ssike VHDL, momydenHbli ¢ ucnoms3oBanneM Simulink HDL
Coder cucrembr Matlab/Simulink. Tun curnanos Coin u Soda —
BellecTBeHHEIH (real).

AHanu3upysi CTWIb KOJIWPOBAaHHUS LHUQPPOBOTO aBTOMATa,
BUJUM, YTO METOJl KOJWPOBAHMS HE OMNpeAeNieH B KOJE fA3bIKa
VHDL. Hcnonb3yercss ABYXIPOIECCOPHBINA I1a0JOH, oOmepaTop
Beibopa CASE u nepeuncisemsrii Tum nanasix (Enumerated type).
[lepeuucnsemblii TUD — 3TO TaKOW TUMN JaHHBIX, MPU KOTOPOM
KOJIMYECTBO BCEX BO3MOKHBIX COCTOSHUN KOHEYHO. Takoil Tum
HaumboJee 4YacTo UCHONB3yeTcs [UIsi O0O3HAuYeHUN COCTOSHUI
KOHEUHBIX aBTOMAaToOB. B 3ToM cnydae nMmeeTcs BO3MOXKHOCTh
npenocrasuts CAIIP ITJIMC ucnonb3oBaTh MOAYJb JIOTHUECKOTO
CMHTE3a M B  3aBUCHUMOCTH  oT  apxutektypsl [IJIMC
CaMOCTOSITENIbHO ~ BbIOMpaTh MeTon  KoaupoBanus. CurHam
paspemieHust TakThpoBaHus clk enable, reHepupyercs Kak
CHUHXPOHHBIN (CTOUT HOCiIe aTpudyTa cpabaThIBaHUs MO IEpeHEMY
¢ponty clk'EVENT AND clk="1").

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
ENTITY avt_mealy IS
PORT (
clk, clk_enable: IN std_logic;
reset : IN std_logic;
coin : IN real;
soda : OUT real);
END avt_mealy;
ARCHITECTURE fsm_SFHDL OF avt_mealy IS
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TYPE T_state type is_avt mealy is (IN_NO_ACTIVE_CHILD,
IN_got_0, IN_got_dime, IN_got_nickel);
SIGNAL is_avt mealy : T_state_type is_avt_mealy;
SIGNAL is_avt_mealy_next: T_state type is_avt_mealy;
BEGIN
PROCESS (reset, clk)
-- local variables
BEGIN
IF reset ='1' THEN
is_avt_mealy <= IN_got_0;
ELSIF clkEVENT AND clk="1' THEN
IF clk_enable="1' THEN
is_avt_mealy <= is_avt_mealy_next;
END IF;
END IF;
END PROCESS;
avt_mealy : PROCESS (is_avt_mealy, coin)
-- local variables
VARIABLE is_avt mealy temp: T _state type is_avt _mealy;
BEGIN
is_avt_mealy _temp :=is_avt_mealy;
soda <= 0.0;
CASE is_avt_mealy temp IS
WHEN IN_got_0 =>
IF coin=1.0 THEN
soda <=0.0;
is_avt_mealy temp := IN_got _nickel;
ELSE
IF coin=2.0 THEN
soda <= 0.0;
is_avt_mealy_temp := IN_got_dime;
END IF;
END IF;
WHEN IN_got_dime =>
IF coin=2.0 THEN
soda <= 1.0;
is_avt_mealy_temp := IN_got_nickel,
ELSE
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IF coin=1.0 THEN

soda <= 1.0;
is_avt_mealy temp := IN_got 0;
END IF;
END IF;

WHEN IN_got_nickel =>
IF coin=1.0 THEN
soda <= 0.0;
is_avt_mealy temp := IN_got_dime;
ELSE
IF coin =2.0 THEN
soda <= 1.0;
is_avt_mealy temp := IN_got 0;
END IF;
END IF;
WHEN OTHERS =>
is_avt_mealy temp := IN_got 0;
END CASE;
is_avt_mealy next <=is_avt_mealy_temp;
END PROCESS;
END fsm_SFHDL,;
[Tpumep 1. Kox aBTomata Munm Ha s3pike VHDL momydenHslit ¢
ucnonb3osanuem Simulink HDL Coder cucremsr Matlab/Simulink

Jlnst peanuzanuu npoekra B 6azuce [TJIMC dupmbr Altera,
aHanoroBelii curHan Coin 3akoaupyem 2-X OUTHBIM HU(PPOBBIM
curnanom Coin[1..0], neficTBUTENBHBIM AJIS OJHOTO TaKTa CUTHAA
Clk, moka3pIBaromiero MOHeTy, KOTOPYIO OIYCTHIIH:

Coin[00] — BOO - HeT MOHETHI;

Coin[01] — B 01 - 6pomena monera B 5 nientos (nickel);

Coin[10] — B 10 - 6pomena monera B 10 rieHToB (dime)).

Curnan Soda, 3akomupyeM JBYXOHTHBIM CHTHAJIOM
Soda[1..0]:

Soda[00] — et OyThUIKH;

Soda[01] — OyThuIKa.
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[Ipumep 2  neMOHCTpUpPYET  “NOANPABICHHBIA~  KOJ
apromata Mwmm Ha s3eike VHDL B CAIIP IIVIMC Quartus Il
Simulink HDL Coder xoaupoBays mepexoabl MO COCTOSHUM B
clefyromel  mocienoBarenbHOCTH  (mpumep  1): BHauaie
paccMaTpuUBAIMCh BCE BO3MOXHBIE IEPEXOJbl U3 COCTOSHUS
IN got 0, 3arem u3 cocrosams IN got dime m IN got nickel.
[TosTomMy, coctosiHua mpoektupyemoro apromata Muimu B CAIIP
ITUIMC Quartus konupyroTcss B 3TOH e TMocienoBaTeIbHOCTH: B
01, B 10, B 11, T.e., 1, 2, 3. B. Ha puc.3.35 noka3ana tecroBast
cxema aBromata Mwimn, a Ha puc.3.36 BpemeHHas nuarpamma. B
mporiecce paboThl aBTOMAT “Tipo0eraer” Mo COCTOSHHUSAM (CHTHAT
(nnm y3em) is_avt_mealy npencTaBisier U3 ce0st pErucTp COCTOSIHUS
MOCTPOCHHBI Ha JBYX pa3psAHON IIMHE, Ha BPEMEHHOM
quarpamMme y3ell OTOOpa)kaeTcsi 3HAYKOM KOHTAaKTHON HOMKH C
oykBoii R) ¢ momepamu B 01, B 11, B 10 u B 01, te. 1, 3, 2, 1.
Takum o0pa3zoMm, TecTupyercs mepexoj Mo coctosHusiM got O,
got_nickel, got_dime, got_0. AHanu3upys BpEMEHHYIO THarpaMmy,
MOXKHO CJieNaTh BBIBOJA, UTO TOPrOBBIM aBTOMar paboTaer
KOppekTHO. B ciydae, ecim Ha Bxoj Oyzet noga curaan Coin[11] —
B 11, To aBTOMAT 1O COCTOSTHHSIM MIEPEXOAUTH HE OyeT.

Ha puc.3.37, a nokazaHo mpoeKkTHupoBaHHe aBToMaTa Muiu
B ModelSim SE Plus. Tak e moka3aHbl COCTOSHHs aBTOMAata
peann3oBaHHbIE Ha CHTHamax IS_avt mealy (peructp Tekyiero
cocrosiuus) W IS_avt_mealy next (peructp  cieayromiero
cocrosiHus). U3 puc.3.27, 6 BUAHO Kak KOAUPYIOTCA COCTOSTHUS
aBromara. Coctosaue IN_NO_ACTIVE_CHILD  sBnsercs
COCTOSSHUEM TIO YMOJYaHHIO, BBEACHHBIM TEHEpPaTopoM Koja
Simulink HDL Coder. Kommunsitop CAIIP Quartus ero coxparaer
Ha JTale KOMOWISAIUU TPOeKTa (MUHUMHU3UPYET) a CHUMYISTOP
ModelSim SE Plus, HaunHaeT paboTy UMEHHO C 3TOTO COCTOSIHUSI.
CpaBuuBas puc.3.36 u pwuc.3.37, 6, BHIAM, 4YTO aBTOMATHI
CIPOEKTUPOBAHHBIE B  Pa3NUYHBIX Matrgopmax pabOTarOT
KOPPEKTHO, HECMOTpSi Ha pa3Hble CIOCOOBI MPEACTaBICHUS
pe3ynbTaToB MoaenupoBanus. Omnako, B CAIIP TIUIMC Quartus
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curHan soda B 01 mosmasercs acuuxponHo, a B ModelSim
IPUXOJIOM TAKTOBOTO MMITYJIBCA, T.€. CHHXPOHHO.

LIBRARY ieeeg;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
USE ieee.std_logic_unsigned.all;
ENTITY avt_mealy IS
PORT (
clk : IN std_logic;
clk_enable : IN std_logic;
reset : IN std_logic;
coin : IN std_logic_vector(1 downto 0);
soda : OUT std_logic_vector (1 downto 0));
END avt_mealy;
ARCHITECTURE fsm_SFHDL OF avt_mealy IS
TYPE T_state_type_is_avt_mealy is (IN_NO_ACTIVE_CHILD,
IN_got_0, IN_got_dime, IN_got_nickel);
SIGNAL is_avt_mealy : T_state_type_is_avt_mealy;
SIGNAL is_avt_mealy next: T _state type is_avt_mealy;
BEGIN
PROCESS (reset, clk)
-- local variables
BEGIN
IF reset ="'1' THEN
is_avt_mealy <= IN_got 0;
ELSIF clkEVENT AND clk="1' THEN
IF clk_enable="1' THEN
is_avt_mealy <= is_avt_mealy_next;
END IF;
END IF;
END PROCESS;
avt_mealy : PROCESS (is_avt_mealy, coin)
-- local variables
VARIABLE is_avt_mealy _temp : T_state_type is_avt_mealy;
BEGIN
is_avt_mealy_temp :=is_avt_mealy;
soda <="00";
CASE is_avt_mealy temp IS
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WHEN IN_got_0 =>
IF coin ="01" THEN
soda <= "00";
is_avt_mealy_temp := IN_got_nickel,
ELSE
IF coin ="10" THEN
soda <= "00";
is_avt_mealy_temp := IN_got_dime;
END IF;
END IF;
WHEN IN_got_dime =>
IF coin ="10" THEN
soda <="01";
is_avt_mealy_temp := IN_got_nickel,
ELSE
IF coin ="01" THEN
soda <="01";
is_avt_mealy_temp := IN_got_0;
END IF;
END IF;
WHEN IN_got_nickel =>
IF coin ="01" THEN
soda <= "00";
is_avt_mealy_temp := IN_got_dime;
ELSE
IF coin ="10" THEN
soda <="01";
is_avt_mealy_temp := IN_got_0;
END IF;
END IF;
WHEN OTHERS =>
is_avt_mealy _temp := IN_got 0;
END CASE;
is_avt_mealy next <=is_avt_mealy_temp;
END PROCESS;
END fsm_SFHDL;
[Tpumep 2. Kox aBromata Munu Ha si3eike VHDL B CATIP [TJIMC
Quartus
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PaccMoTpuM  mpoeKTHpOBaHHME TMPOCTEUILErO0 aBTOMAaTa
Mypa. Beixog aBromara Mypa sBisercss (YHKIHEH TOJIBKO
Tekymiero cocrosinus. I'pad-aBromar Mypa mokasan Ha puc.3.38.
[Ipumep 3 nmemoncTpupyer kox s3pika VHDL, momydeHHBIH C
UCronbp30BanneM redeparopa koxa Simulink VHDL Coder.
AHanu3upyeM  KOJA, BHUIUM, UYTO  HCIOJB3YEeTCS  TaKkKe
JBYXITPOLIECCOPHBIA MA0JOH U MEPEeUUCIsIeMbI TUII JaHHBIX, HO
nBa oneparopa CASE. Ilepssrii onepatop CASE ucnonb3yercs 1ist
dbopMUpOBaHUS JIOTUKHU BBIXOJA, BTOPOW JIsI ONMUCAHHS JIOTUKH
MEPEX0JIOB.

Puc.3.38. Asromar Mypa B cucreme Matlab/Simulink

LIBRARY ieeg;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
ENTITY avt_moore_test IS
PORT (
clk : IN std_logic;
clk_enable : IN std_logic;
reset : IN std_logic;
X : IN real;
y : OUT real);
END avt_moore_test;
ARCHITECTURE fsm_SFHDL OF avt_moore_test IS
TYPE T_state_type_is_avt_moore_test is
(IN_NO_ACTIVE_CHILD, IN_A, IN_B);
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SIGNAL is_avt_moore_test : T_state_type_is_avt moore_test;
SIGNAL is_avt_moore_test _next :
T_state_type is_avt_moore_test;

BEGIN
PROCESS (reset, clk)
-- local variables
BEGIN
IF reset ='1' THEN
is_avt_moore_test <= IN_A;
ELSIF clkEVENT AND clk="1' THEN
IF clk_enable="1' THEN
Is_avt_moore_test <=is_avt _moore_test next;
END IF;
END IF;
END PROCESS;

avt_moore_test : PROCESS (is_avt_moore_test, X)
-- local variables
VARIABLE is_avt_moore_test_temp :
T _state_type_is_avt_moore_test;
BEGIN
is_avt_moore_test_temp :=is_avt_moore_test;
y <=0.0;
CASE is_avt_moore_test_temp IS
WHEN IN_A =>
y <=0.0;
WHEN IN_B =>
y<=1.0;
WHEN OTHERS =>
is_avt_moore_test_temp := IN_NO_ACTIVE_CHILD;
END CASE;
CASE is_avt_moore_test_temp IS
WHEN IN_A =>
IFx=1.0 THEN
is_avt_moore_test_temp := IN_B;
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END IF;
WHEN IN_B =>
IFx=0.0 THEN
is_avt_moore_test_temp := IN_A,
END IF;
WHEN OTHERS =>
is_avt_moore_test_temp := IN_A,;
END CASE;
Is_avt_moore_test_next <=is_avt_moore_test_temp;
END PROCESS;

END fsm_SFHDL;

[Tpumep 3. Kon aBromara Mypa Ha s3pike VHDL nonyuensslil ¢
ucnosib3oBanueM Simulink HDL Coder cuctemsr Matlab/Simulink

TakuM 00pa3oM, aBTOMATHYECKA CICHEPUPOBAHHBIA U
ontuMu3upoBaHHbl koj s3bika VHDL mo rpady mnepexomos
mudpoBoro asTomara, C ucmons3oBanuem Simulink HDL Coder
cucrembl Matlab/Simulink, mo3Bonser 3HAaYUTETBHO YCKOPHUTH
nporiecc pa3paboTKu IUPPOBBIX aBTOMATOB, JUIS PEATU3alUN UX B
6azuce BUC u ITJINUC.

B  nmaHHOW  TaBe  pacCMOTpPEeHBI  JiBa  MeEToja
NPOCKTHUPOBAHUS CHHXPOHHBIX TOCJIEIOBATEIBHOCTHBIX CXEM,
KOTOphIE HMEIOT KOHEYHOE YHCJIO JOTHYecKux cocTossHuil. C
UCIIONIb30BaHUEM PYYHOTO METOAa KOJUPOBAaHUS C MPUMEHEHUEM
BBICOKOYPOBHEBOTO sI3bIKa omucaHus amnmapaTHbeix cxem VHDL u ¢
UCTOJIb30BaHUEM  TIpa)UyecKuX CpPEICTB  BBOJA  JUArpaMM
COCTOSIHWM, Hampumep, npwioxkenue StateFlow  cuctemsr
Matlab/Simulink.
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4. MIPOEKTUPOBAHUE MUKPOIIPOLIECCOPHBIX AJIEP
JJIAA PEAJIM3ALIMU B BA3SUCE I1IJINC

4.1. [IpoekTUpOBaHNEe Y4eOHOT0 MPOLECCOPA IJISA PeaIn3aluu
B 0azuce IIJIMC ¢ noMomb10 KOHEYHOT0 ABTOMATA

MUuKpOIpoLecCoOpHbI€ s/ipa MPEACTABISAIOT BAaXHBIM Kiacc
BBIYMCIIUTEIIbHBIX 3arOTOBOK, TAK KaK OT UX KAa4eCTB, B OCHOBHOM,
3aBHCST OCHOBHBIE TEXHUYECKHE U MOTPEOUTENhCKHUE CBOMICTBa
CHUCTEM Ha KpUCTaJUle. DTU 3arOTOBKU Pa3IMYarOTCs 10 CTENECHU
rMOKOCTH ~ HACTPOWMKM  TOJA  YCIOBUSL ~ MOTpEOHTENs  Kak
nporpammHbie (“Msarkue” omucaHHple Ha s3bike HDL), xecTkue
(lormueckass cxema) | amnmapaTHbeie (“TBepaple” MacKd IOJ
OTpeIeNIEHHYI0 TeXHOJIOTH0). [IporpamMmHbie 3arOoTOBKH MOXKHO
JIETKO TOJCTpauBaTh K YCIOBUSIM HOBOTO IPOEKTa, OO0IaIaroT
BBICOKHM OBICTPOJICHCTBUEM M OHU HE3aBUCUMBI OT TEXHOJOTHHU.
Ux  peammzamms B IUJIMC  (Hampumep, — 8-paspsaHoe
MHKpoTrporieccoproe sapo PicoBlaze mis peanuszanuu B Gasuce
ITIJIUC cemeiicts Spartan u Virtex) mo3BosisieT yCKOPUTh MPOIEcC
pa3paboTKH MHKPONPOLIECCOPHBIX cucTeM. Haumbosiee BaXHBIMU
NOTPEOUTENTFCKUMU  CBOMCTBAMH  BBIYHCIUTENBHBIX 3arOTOBOK
IPOIIECCOPOB  SIBIIAIIOTCS:  MOBTOPSAEMOCThb,  OBICTPOJEHCTBUE,
anmnapaTypHbI€ 3aTPaThI.

ITyreM HeECIOXKHOI NEPEHACTPOUMKH “MATKON~ 3arOTOBKH
MOKHO TIONYYUTHh Pl MOAUDHUKAIMH MHUKPOKOHTpOJUIepa C
pa3MYHBIM  COYETaHWEM o0beMa TaMATH, nepudepUitHBIX
YCTPOMCTB, MCTOYHMKOB MpepbiBaHUs M T.N. Takod mpoueccop
MoxkHO peanu3oBatb B IIJIMC pasnuunbeix ¢upm. Onucanue
Mozenu Ha VHDL mno3Bonser HeE TONBKO cAenarb €€
MepeHacTpauBaeMoOl M HE3aBUCHUMOW OT TEXHOJOTHMH, HO U
BBINIOJIHATh €€ MOJIETUPOBAHUE M CHUHTE3 Ha CUMYIATOpax H
cpencTBax cuHTe3a pasnuyHblx (upm. Ha puc.4.l1 mokaszano
otoOpaxenue npoueccopa B [IJINC.
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IIpoueccop B ILJIFIC

CxeMa npoLieccopa

PasmenieHue u
TPACCHPOEKa

Puc.4.1. Orobpaxenue cxemsl poreccopa B 6azuce [TJINMC

PaccmoTpuMm cucteMy KOMaHJ| CHMHXPOHHOTO IMpOLEccopa,
pPEaTM30BAHHOIO C IOMOILBI0 KOHEYHOIO0 aBTOMAaTa, € LMKIOM
pabotel B [1Ba TakTa. Ilpm pa3paboTke CHCTEMBbl KOMaH]
mpoleccopa, HUCHonb3yeTcst ciaaboe komupoBanue. B Tadm.4.1
IpeCTaBiIeHa CUCTEMa KOMaHJ| Ipolieccopa C CHHXPOHHOM
ApXUTEKTYPOH.

[Ipouieccop cmnocoben pabotath ¢ cuaxpoHHBIM O3Y. D10
o0ecrieynBaeTcsi HCIHOJIb30BAHUEM oleparopa Case, KOTOPBIH
UCIIOJNIb3YeTCS B BETBU omepatopa if mnpu aerekrupoBaHHn
arpubyra mepeanero ¢ponra cuaxpommmyibca ClK u mo3Bomsier
OpraHu30BaTh LUKJI pabOTHI B JIBA TAKTA.

Peanmzyem nporeccop B IIJIUC ¢upmsr Altera APEX20KE
kak ¢ acuaxponHbM [13Y (meradynkiust LPM_ROM). Ha puc.4.2
MOKa3aHa TeCTOBas CXeMa YIpaBIIAIOLIero aBToMaTa mpoleccopa B
rpapuueckom penakrope CAIIP TIJIMC Quartus Il Bepcuu 2.0. Ha
puc.4.3 nokazaHo coJiepk1UMoe KoHpuryparuonHoro ¢aitna [13V.

B omucanue mnpoueccopa Ha s3pike VHDL nobGasnen
ACUHXPOHHBIN cOpoc peructpoB A, B u cuerunka KomaH] Ha
peructpe ip (Bpeska 1). JekoaupoBaHue MepeMEeHHOM-CENIeKTopa
cmd ocymiecTBIsieTcss ¢ MOMOIIBI oreparopa case. Omeparop
npeoOpa3oBaHusi THUIOB CONV_integer(cmd) mepeBOIUT BEKTOp B
JECATUYHOE YUCIIO OTJICIIbHBIX KOJIOB.
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Quartus Il Bepcuu 2.0 ¢ ncnoab30BaHUEM YIPABIISIONIET0 aBTOMATa C LIUKJIOM pa0bOTHI B IBa TaKTa Ha
si3pike VHDL u acunxponsoro [13Y (merapyukuus LPM_ROM)



Tabmuma 4.1

CucreMa KOMaH]1 IPOLECCOpa C CHHXPOHHOM apXUTEKTYpOil

Kon MHeMoOHHMKA Onucanue
onepauuu
0 NOP Het onepamun

01xxH JMP Be3ycnoBHbIll mepexoa mo aapecy,
3aJaHHOMY  MJIAAIIMM  GaiiTom
KOMaH/IbI

02xxH JMPZ Ilepexon mo agpecy, 3aJaHHOMY
MJIAAIIAM 0alTOM KOMAaHAbI, €CJu
cojep:kuMoe peructpa A paBHO
HYJII0

03xxH CALL Bbi30oB moamporpamMmsl nmo agpecy,
3alaHHOMY  MJaammMM  OaifTom
KOMaH/IbI

04xxH MOV A xx | HemocpencTBenHasi 3arpy3ka B
peructp A 3HauYeHMs, 32JIaHHOIO
MJIAIIIAM 0aliTOM KOMAaH/IbI

05xxH MOV B,xx | HemocpencTBennass 3arpy3ka B
peructp B 3Havenusi, 3amaHHOrO
MJIQIIIAM 0aliTOM KOMaH/IbI

0600H RET Bo3Bpat u3 noanporpamMmbl

0601H MOV AB | 3arpy3ka B peructp A 3HaudeHwus,
cojiep:kaulerocsi B perucrpe B

0602H MOV B,A | 3arpy3ka B peructp B 3Hauvenwus,
cojiep:kaulerocs B perucrpe A

0603H XCHG AB | OomMen MecramMH 3HAYeHUHd B
peructpax Au B

0604H ADD AB Crnoxxenne 3HaYeHWH B permcrpax
A u B, pe3yabTaT nomemaercsa B A

0605H SUB A,B Boiuutanue 3HaYeHUI B perucrpax
A u B, pe3yabTaT nomemaercs B A

0606H AND A,B IToGuTHOEe Noruueckoe U 3Havyenmii
B peructpax A u B, pesyabrar
nomemaercs B A

0607H ORAB IToGuTHOE JIOTHYECKOoe njim
3HayeHuil B peructpax A u B,
pe3yJbTaT moMemaercsi B A

0608H XOR AB | oGutHoe JIornyecKoe
NCKIIIOYAIOLIEE nin

3HayeHuil B peructpax A u B,
pe3yJbTaT moMemaercsi B A
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[Ipn kaxaoM JOMyCTUMOM 3HAYEHUH KOJa KOMAaH/IbI,
MPOUCXOJAT  pa3iIMyHble JEUCTBUSA, KOTOpPbIE COCTOST B
Ha3HAYEHUH PETrucTpaM HOBBIX 3HAYEHU B COOTBETCTBUHU C
onucanueM komaHJ. CueTyuk KoMaH]| (PEerucTp) HE OOHOBISETCS
ABTOMATUYECKH, MOATOMY B KaXKIOM BapHaHTE KOJa KOMaHJBbI,
pUCBalBaHUE CYETYUKY HOBOTO 3HAYECHMsI, yKa3bIBaeTcs SBHO.
[Ipoueccop  orpaHuyuBaeTcss JABYMSI  PETUCTpaMU  OOLIETo
nasnauenus (A u B). IIpomeccop umeer ykaszaTeilb HHCTPYKIIHIA I
U peructp I (CTeK), Iisi XpaHeHUs ajapeca, C KOTOPOro MPOU30MIeIT
BBI30B TOJIPOrpaMMBbl, MOAIEPKUBAET MHHHUMAIBHBIM HaboOp
KOMaHJ[: KOMaHJa IEPEChbUIKH “perucTp - PEerucrp’; KOMaHIbI
HEMOCPEJICTBEHHON 3arpy3ku; KoOMaH/1a 0e3ycIOBHOTO Mepexoaa K
HOBOMY aJipecy; KOMaHJIbl IepexoJa [0 YCIOBHUIO; Habop
apudmeruko-jornueckux omepanuii. I[lpumep 1 mokasbiBaeT
yIpasJistonuii asromat Ha s3bike VHDL.

Haubonee crnoXHBIMH SIBISIOTCSI KOMaH[Ibl Tepenadyu
ympasnenuss JMP u JMPZ, u xomanma oOpamieHus K
noanporpammamM CALL u komaHja Bo3BpaTa M3 MOANPOTPAMMBI
RET. Bpemennsle nuarpaMMbl Ha puc.4.4 JeMOHCTPUPYIOT
MPUHIMI PaOOThI YIIPABJISAIONIETO aBTOMaTa ¢ aCUHXPOHHBIM [I13Y
npu orpabotke komang CALL (0305H) u RET (0600H). Ilpu
HOpMaJIbHOU II0CJIEI0BATEIbHOCTH paboThI npolrieccopa
0TpalaTBIBAIOTHCSI  PETUCTPOBBIE KOMaHAbl. [locrnemoBaTenbHO
3arpyxaroTcst peructpbl A u B. B peructp A 3arpyxaercs 4ucio
1D (1H), a B peructp B, uncno 17D (11H). Ilo xomanme 0305H
HPOHCXO/UT 3aITUCh COACPKUMOTO CUETYMKA KOMaH/ IP B PETHCTP
r (2D) u 3arpy3ka B cuetunk koMana uyucia 5D. Takum oOpazom,
MPOIIECCOP HAYHET BBIMOIHATH MOANPOTPAMMY XPAHSAIIYIOCS B
[I3Y ¢ agpeca 5H. Ilo ykazaHHOMYy ajpecy H3BIEKaeTcs
peructposas komanga 0403H. [Ipoucxonut 3arpyska B peructp A
yucna 3H, xomanmoit 0404P 3arpyska umcna 4H. Cremromreit
koManaoi ¢ koxom 0604H mpous3oieT CioKeHHE COAECPHKHUMBIX
PETUCTPOB C COXpaHEHHEM pe3yibTara B peructpe A (umcio 21D).
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Hanee 6ynyt orpaboransl komanasl 0406H u 0407H. ITo xomanae
Bo3Bparta wu3 mnoanporpammel 600H mnpousoiiner wu3MeHeHue
coaepxumoro cyerunka ¢ 10D na 2D+1D, 1.e. na 3D.

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;
use ieee.std_logic_unsigned.all;
entity proc is
port (ip: inout std_logic_vector(7 downto 0);
cmd: inout std_logic_vector(15 downto 0);
clk,res: in std_logic;
a: inout std_logic_vector(7 downto 0);
b,r: inout std_logic_vector(7 downto 0));
end proc;
architecture a of proc is
signal stage: std_logic;
begin
process(clk)
begin
if (res ='1") then
a <="00000000";
b <="00000000";
ip <="00000000";
elsif clk'event and clk="1' then
case stage is
when '0'=> stage<='"1",
when others=> stage<="0";
case conv_integer(cmd) is
when 0=> ip <= ip+1,
when 256 to 511 =>ip<=cmd(7 downto 0);
when 512 to 767 =>if conv_integer(a)=0
then ip<=cmd(7 downto 0);
else ip<=ip+1;
end if;
when 768 to 1023 =>r<=ip; ip<=cmd(7 downto 0);
when 1024 to 1279 => a<=cmd(7 downto 0); ip<=ip+1;
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when 1280 to 1535 => b<=cmd(7 downto 0); ip<=ip+1;
when 1536 =>ip<=r+1,;

when 1537=>a<=b; ip<=ip+1;

when 1538=>b<=a; ip<=ip+1;

when 1539=>a<=b;b<=a; ip<=ip+1;

when 1540=>a<=a+b; ip<=ip+1,

when 1541=>a<=a-b; ip<=ip+1;

when 1542=>a<=a and b; ip<=ip+1;

when 1543=>a<=a or b; ip<=ip+1;

when 1544=>a<=a xor b; ip<=ip+1;

when 1545=>a<=a-1; ip<=ip+1;

when others=>ip<=ip+1;

end case;

end case;

end if;

end process;

end a;

[Tpumep 1. Yopasastomuii aBToMar Ha si3eike VHDL

Addr| +0 + +2 +3 +4 +5 +6 +
00 0401 J 0511 (0305 |[0512 |0402 |0403 |0404 |0604
08 0406 | 0407 |0600 |[0000 |0000 |0000 |0000 (0000

Puc.4.3. ®aiin konpurypauuu I13VY nis recTupoBaHus KOMaH/bI
oOpamienus k nognporpammam CALL u BozBpara RET

PaccmoTpuMm BapmaHT mporeccopa 0e3 HUCHOIb30BaHUS
yrpasJstoniero apromara. C 3TOd MeNbl0 PETUCTPOBBIE KOMaH/IbI
04xxH, 05xxH, 0601H-0609H mnpennaraercsa peann3oBaTh Ha
TakTUpyeMoM  Jemmdparope (mpumep 2),  BBITOIHSIOMIUM
byHkIHIO apudMeTHuecKu-Ioruueckoro ycrporictea (AJlY), a
KoMaHAbl nepenaun ympaienus JMP, JMPZ u oOpamenus «
noanporpammaM ¢ komamu 01xXH-03xxH, 0600H na 8-mu
pa3psIHOM CYMMHUPYIOIIEM CUETYHKE aJPECOB IMaMATH KOMaH]]
(mpumep 3), TakTUpyeMbIM (PPOHTOM CHHXpOcHUTHANA (puc.4.5).
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18¢

Voot Ops 20,pns 40‘pns Gﬂ.pns 80.pns 100i0ns 1200ns 140i0ns 160i0ns 180i0ns 200i0ns 220i0ns 240i0ns’
Name Ops

B w | (P T T T T
CICREN i iigyiiggiipgiipgiigg gyl gyl gyiiggiigg gyl
D| Hip 50 IE TR R T PR CEER (R IR IR IR IR IR
D| Bord | Ko |(CTONT N T 0005 Y 0 O 068 ) 0 ) B0 0 B Y 0m ) OB )@
B B. | o0 OO0 il s e AR
D\ E | S0 T EEE T T T il
DB | st Wil s 7

Puc.4.4. Bpemennas auarpamma paboThl Ipolieccopa, ¢ UCMOIb30BaHNEM YITPABIISIOIIETO
aBTOMATa C IIMKJIOM paloTHI B IBa TakTa U MeradyHkiuu acuaxponnoro I[13Y. OtpabatsiBatorcs
pErrCTpOBBIC KOMaHIbI U KOMaH/1a Bb3oBa moanporpammel ¢ kogom 0305H (CALL) u komanga

Bo3Bpara u3 noanporpammsl 0600H (RET)



CueTynk ConepKUT aCHHXPOHHBINA cOpoc Reset. AKTUBHBIM
ABIIIETCS. CHUTHAN BBICOKOTO YpOBHsS. B0 BIIOXKEHHBIX BETBAX
omepatopa If MPOMCXOAMT TpOBEpKa YCIOBHH M CHHXPOHHAS
3arpy3ka cueTyrka komaj. CUeTdyrK KOMaHJ Ip U PEerucTp I mpu
WHUIMAIU3AIMN CUCTEMBI 10 curHainy Reset ycranaBiauBaroTcsi B
cocrossHue 0, Mmociie 4Yero MPOU3BOIAUT CYET aJPECOB MaMSITH
nporpamm xpanumbeix B [I3Y. Peructp r BeImosHseT (QyHKIHIO
CTeKa, B KOTOPBII 3aHOCUTCS MpEKHEe COCTOSHUE CUYETUYHKA
koman. M3 mmmuer cmd[10..0], mist cyeTyrKa KOMaH]{ BBIAEIACTCS
noiae cop[10..8] u mome data[7..0]. Ilome COp o3HauaeT Ko
orepanuu, KOTOPBIA HCIONb3yeTCs A UASHTHU(PUKALUNA KOMaH]
JMP, JMPZ u CALL. Jlns xomanaet RET mome cop He
dopMupyercs, a 3amaercs TNOJHBIA aapec Ha muHE CMd
"11000000000", 51O cBsi3aHO C TEM, YTO 8 MIAMIINX OUT IS
komana JMP, IMPZ u CALL moryt npuHuMaTh J1100bIe 3HAYEHUS,
a s komauabl RET tonmbko ykasanueiid. Ilone data comepkur 8-
pa3psAHbIN ONepaH]l, KOTOPBIN 3arpy:KaeTcsl B PErucTp KOMaH]I.

[I3Y peamu3oBaHo ¢ UCHONB30BaHHWEM MeTa(yHKIUU
LPM_ROM. B T1a61.4.2 mpenctaBieHbl CBEACHUA MO OOIIEMY
yuciay 3aneiictBoBaHHbIM pecypcoB IIJIMC. B o0oux ciyuasx
npoekT orobpaxaercs B [IJIMC APEX20KE (EP20K30ETC144).
Ha puc.4.6 mokazaHo TeCTHpOBaHHUE MPOIIECCOpa.

Tab6nuna 4.2
OOmue cBeeHus Mo Yncly 3ajeiictBoBaHHbIX pecypcoB ITJIMC
APEX20KE
Homep npoekra Oomiee uncsio Oomee yncsio D-
JIOTHYECKHX UCMOJIB3YyeMbIX TPHUITEPOB
3J1€MEeHTOB ESB-out namsitu
C ncnoJib30BaHNEM 198/1200 2816/24576 32
yIpaBJsOIEro (16 %) (11 %)
aBTOMaTa
Bapuanr ¢ 164/1200 2816/24576 32
acunxponubim [13Y (13 %) (11 %)
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68¢

R et T e i
] rese o RN cma[10.0]] - | - ] : - it
¢ Nt omd10.0] - Qa[T.0) TR a0dress(7.0]  g[10..0] rem— et o[ 10.0] a7 ] el B 37
B e X st e b1.9) T I L)

Puc.4.5. TectoBas cxeMa MUKPOIPOILIECCOPHOTO siipa 0€3 UCTIOJIb30BAHMUS YIIPABIISIOIIETO aBTOMATa C
acuHXxpoHHBIM [13Y (Meradyuknus LPM_ROM) B rpaduueckom pegakrope CAIIP ITJIMC Quartus I
Bepcuu 2.0



06¢

Ops 200ns 400ns 60.0ns 80.0ns 1000ns 1200ns 140.0ns 160.0ns 1800ns
N Va|ueat | | | | i i i i i
ame 0
ps

| x| Hl |[T] RN ‘ BRERER
B ok | HO |
| Bod | HAOU (AT Y AT 35 43 1] [] 47 | 512 1 M0,
D Er | KO WYL O 0 T L 1 I EREE EDEN) il
D Bae | K0 WL i 0 W (RS EE 7 W
D| Ha HOO (00 ] RSN i 1 F | 0
| Bb HOD ] i 7
D| B HOD ] ]

Puc.4.6. BpemenHble muarpaMMbl pab0OThl MUKPOTIPOLIECCOPHOTO spa 0€3 HCIOTb30BaAHHS

VIIPaBJISAIONIETO aBTOMaTa ¢ MerayHknueir acuaxponnoro [13Y



LIBRARY ieee;

use ieee.std_logic_1164.all;

use IEEE.std_logic_arith.all;

use IEEE.std_logic_unsigned.all;

ENTITY alu IS

PORT

(cmd :INSTD_LOGIC_VECTOR (10 DOWNTO 0);
clk,res . INSTD_LOGIC;

a,b : INOUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END alu;

ARCHITECTURE a OF alu IS
signal regA,regB: std_logic_vector(7 downto 0);
BEGIN
PROCESS (clk,res)
BEGIN
if (RES ='1") then
regA <="00000000";
regB <="00000000";
elsif (clk'event and clk="1") then
case conv_integer(cmd) is
when 1024 to 1279 => regA<=cmd(7 downto 0);
when 1280 to 1535 => regB<=cmd(7 downto 0);
when 1537=>regA<=regB;
when 1538=>regB<=regA,;
when 1539=>regA<=regB; regB<=regA;
when 1540=>regA<=regA+regB;
when 1541=>regA<=regA-regB;
when 1542=>regA<=regA and regB;
when 1543=>regA<=regA or regB;
when 1544=>regA<=regA xor regB;
when 1545=>regA<=regA-1;
when others=> a<=regA; b<=regB,;
end case;
end if;
a<=regA;
b<=regB;
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END PROCESS;
END a;
[Tpumep 2. ApudMeTHIECKH-TIOTHYECKOE YCTPOMCTBO Mpolieccopa

LIBRARY ieeeg;

USE ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;
use ieee.std_logic_arith.all;

ENTITY counter IS

PORT(

clk :IN STD_LOGIC;

reset :IN STD_LOGIC;

cmd  :IN STD_LOGIC VECTOR(10 downto 0);

a : INOUT STD_LOGIC_VECTOR(7 downto 0);
r - INOUT STD_LOGIC_VECTOR(7 downto 0);
Qa,Qb : OUT STD_LOGIC_VECTOR(7 downto 0));
END counter;

ARCHITECTURE a OF counter IS

SIGNAL pci,pc,pcplus,data,regA: STD_LOGIC_VECTOR(7 downto 0);
SIGNAL cop: STD_LOGIC_VECTOR(2 downto 0);
BEGIN

regA<=a;

cop<=cmd(10 downto 8);

data<=cmd(7 downto 0);

process(clk,reset,cop,data,a)

begin
if (reset ='1") then
pci <=(others=>'0";
r <=(others=>'0");
elsif (clk'event and clk="1") then
if
cmd="001" then pci<=data; --JMP H1
else if
(cop="010" and conv_integer(regA)=0) then pci<=data; --JMPZ H2
else if

cop="011" then r<=pci; pci<=data;--CALL H3
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else if
¢cmd="11000000000" then pci<=r+1; --RET H6

else pci<=pci+1;

end if; end if; end if; end if; end if;

END PROCESS;

Qa <= pi;

Qb <=data;

a<=regA;

END a;
[Tpumep 3. CueTywKk aApecoB MaMATH KOMaHJ IIpoieccopa ¢
ACHHXPOHHBIM COPOCOM

PaccMoTpuM  BapuaHT  peanu3aludd  [POEKTHUPYEMOTo
mpoleccopa ¢ ucrosb3oBanueM acuuxponHoro O3V (puc.4.7). ns
storo Bocronb3yemcs merapynkiueii LPM_RAM_10. Jlns Toro,
yro 061 O3V Beimonusano ¢ynkuuto [13Y, Heobxoaumo curHam
paspenieHusi 3anucu We “mocaguTh’ Ha 3€MIII0, T.K. aKTUBHBIM
SBJISICTCS CUTHAJ BBICOKOT'O YPOBHSI, @ CUT'HAJ Pa3pelleHus BBIBOAA
outenab moakmrounTe k mnuranuto. Ha puc.4.8 mnokazan aitn
koHpurypauuu O3Y g tectupoBanus komanjsl JMPZ ¢ xonom
0205H. ITo xomanne 0205H ocymiecTBisieTcst mepexo Mo aapecy,
3alaHHOMY MiaammM Oaiitom koMauzwl (Ha agpec B O3V mop
HOoMepoM 5, rae xpanutcs komanga 0403H), ecau comepkumoe
peructpa A paBHO Hymo. YToObl coaepkuMoe perucrpa A
OKa3aJIoChb ~ PaBHBIM  HYJIO, HEOOXOJMMO  BOCHOJIb30BaThCS
peructpoBbiMi koMmanaamu 0405H u 0505H, nmnst 3arpy3ku B
peructpsl A u B uncna 5, a 3arem ¢ momomrsio komansl 0605H
(SUB A,B) ocymiectButs omnepaiuio A-B (puc.4.9).

JlaHHBIN BapuaHT Mpoleccopa, peaJM30BaHHBIM B Oazuce
[TJINC, moxHO oTHecTH K kiaccy RISC-mporeccopoB, y KOTOpBIX
BCE KOMaH/IbI BBITIOJIHSIOTCS 32 OJJUH TaKT CHHXPOYACTOTHI.
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Puc.4.7. TectoBas cxema nporeccopa 0e3 UCIOIb30BaHuUs YIIPABIISIIOIIET0 aBTOMaTa ¢ aCHHXPOHHBIM
03V (meradpyukmus LPM_RAM _10) B rpaduueckom peaakrope CAITP TTJIMC Quartus Il Bepcuu 2.0



G6¢

HEEIEIEIEIEL

Addr| +0 +1 | +2 | +3 | a4 | +5 | +6 | +7 |
oo 405 Josos gs0s (0205 (0402 {0405 aooo | 0g0o
Puc.4.8. ®aiin kouduryparuu O3Y ans tectupoBaHus komanasl JMPZ
e [ps 1U.IU ng 2U.IU ng 30.@ ng 4040 ns SU.IU ng Bﬂ.p 15 ?UIU ns BD.IU ng Sﬂ.p ng TDUiU ng 10
Mane Ops
leset B1
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Puc.4.9. BpemenHnble quarpammbl pab0OThl MUKPOIIPOLIECCOPHOTO siipa ¢ MeradyHKIIMEeH aCHHXPOHHOTO

O3YVY. TectupoBanue KOMaH bl ycJI0BHOTO niepexoaa JMPZ



[Ipoieccop  MOkeT OBITH  MOAUQPUIIMPOBAH  IyTEM
HapaluBaHus O6JI0Ka PerucTpoB, 100aBIeHUEM OJOKa yIpaBICHUS
npepbeiBaHui, 100aBieHuss OJOKa yHpaBlieHUS BBOJA/BBIBOJA U
JIpyrux (GyHKIMOHAJIBHBIX 0JIOKOB. BapuaHT ¢ acunxponusiM [13Y
peamm3oBanubii B [IJIMC APEX20KE EP20K30ETC144-1
3aHUMaeT Bcero Jumb 13 % oT o0mero 4ucia JIOTHYECKUX
3JIEMEHTOB M crioco0eH padoTaTh Ha yactote 60 MI'1I.

4.2. Ucnojib30BaHue Pa3IHYHBIX THIIOB MAMSTH
NP NPOEKTUPOBAHUH Y4eOHOT0 MUKPONPOLECCOPHOIO SI/APa
s peaguzanuu B 6azuce IJINC

[Ipennaraercs MTOBTOPHO nepepaboTaTh MPOEKT
MUKpoOTpoIieccopHoro siapa u3 paszaena 4.1 B 06aszuce IIJIMC
APEX20KE wu Stratix Il xommanuu Altera ¢ ucmosb3oBaHneM
CAIIP TIUIMC Quartus Il Bepcum 8.1, ¢ 1enpl0 HU3ydyeHUS
OCOOCHHOCTEH HCMONB30BAaHUS PA3NUYHBIX BHAOB NamsaTH. B
KauyecTBE MHKPOIIPOILIECCOPHOTO SApa HCIONb3YeTCsl aBTOMAaT C
IIUKIIOM paboTHI B J]Ba TaKTa.

Oco6eHHOCTH COBPEMEHHON ITU(PPOBONH MUKPOIIEKTPOHUKHI
00ycNaBIMBAIOT MPEUMYIIIECTBEHHOE HCIIONIb30BAHNE CUHXPOHHBIX
uHTEp(]eicoB yCTPOWCTB pa3HOTO TUMA, B TOM YHCIIE U MaMSTH.
[TombITKM peann30BBIBATh ACHHXPOHHBIN HHTEPENHC MOTYT B psae
CllydaeB TONy4aTh CXEMbl C  Pa3IUYHBIMU  3aJIepKKaMU
pacmlpoCTpaHEHUs] CUTHANOB («TOHKH (POHTOBY», «IEPEKOCHD»),
KOTOpPhIE€ HE BBISBISIOTCS CPEACTBAMU MOJICTMPOBAHUS, HO
OKa3bIBAIOT CYIIIECTBEHHOE HEraTUBHOE BIIUSTHUE Ha
XapaKTepUCTUKU TIpoekTa, 3arpyxkaemoro B [IJIMC, Bmiote a0
HEepaboTOCOCOOHOCTH CXEMBI WIH MePEeMEKAIOLTUXCS
HEUCIIPaBHOCTEN.

CewmetictBo IIJIMC Stratix Il mo3Bonsier peann3oBaTh Ha
OJIHOM KpucTaiyie OyJeBbl JIOTWUYeCKHEe (DYHKIUHA C MOMOIIBIO
AIaNTUBHBIX JIOTHYECKHX OJOKOB, OJIOKM TMMaMATH, MPU ITOM
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naMsTh MOXET OBbITh pealin30BaHa 0e3 3aTpaT OCHOBHOW JOTHKU U
omoku 1uudpoBoit o6padotkm curHanos. [IJIMC APEX20KE
COJICP)KUT JIMIIb BCTPOCHHBbIE OJIOKM MaMiTH (BCTPOCHHOE
O3VY/113Y).

[IJINC Stratix wumerorT CTpyKTypy mamsatd TriMatrix,
COCTaBJICHHYIO U3 BCTPOEHHBIX 010kOB mamsaTH RAM Tpex BHIIOB:
omoku MLAB (Memory LAB, emxocts Ginoka 320 Owur, 010K
MOKET OBITh TPEJCTaBJIEH Kak Impoctoe AByX mnoproBoe O3VY);
ook MI9K (emkxocTh Osioka 9216 6ut); 610ku M144K (emkocTh
147456 out). Tax xe B IIIMC Stratix [l BcrpoeHa
JOTIOTHUTENbHAS coOCTBEHHas namsTh (BcTpoeHHOE
pexondurypupyemoe O3Y). bnoku MLAB wucnons3yrotcs ans
peanu3alud CABHUIOBBIX peructpos, OydepoB FIFO, nunuit
3amepkek I nudpoBbIX  GuiabTpoB W aAp. bimokum M9K
UCIIONB3YIOTCSL KaK OJIOKM mamsaTH oOuiero HaszHayeHus. bioku
M144K wucnons3yroTcsi IS XpaHEHHs] HCIIOJIHAEMOTO Koja
CHUHTE3UPYEMBIX IPOLIECCOPHBIX siAep, UId peanusauuu Oydepon
OombIIOro 00beMa B 3a/1aX BHI€000padOTKU curHaioB. Bee Omoku
naMsatd TriMatriX moaaep:KuBaroT CHHXPOHHBIH PEKUM pPabOTHI.
broku MO9K u M144K B TIJIMC Stratix He moaaepKUBatOT
aCUHXPOHHYI0 mNamsTh, a Onok MLAB mnoanepxuBaer TONBKO
ACMHXPOHHBIN PEeKUM UTEHUS JaHHBIX. KaKIplil U3 OJIOKOB maMsITH
¢ momompio  MerapyHkimu  altsyncram  Moxer  ObITh
ckoHpurypuposan kak: RAM: 1 PORT, RAM: 2 PORT, RAM: 3
PORT, ROM: 1 PORT, ROM: 2 PORT, shift register (RAM-
based), FIFO.

PaccmoTpum nBa BapHaHTa MOCTPOCHUS
MHUKpPOIpPOIIecCOpHOro sAapa: ¢ acuHxpoHHbIM [13Y (puc.4.10, a) c
ucnoabs3oBanueM ycrapeBmux cepuil IIJIMC, manpumep, ITIJINC
APEX20KE u cunxponnbsiM [13V (puc.4.10, 0) ¢ ucnonb30BaHEM
[JIMC Stratix 1ll. BapuanT MuKpOHpoOLECCOPHOTO siapa C
meradynkuueit acuaxponsoro I13Y (LPM_ROM) paccmotpen B
pazznene 4.1 ¢ ucnons3oBanuem CAIIP ITJIMC Quartus Il Bepcuu
2.0. B o0Ooux ciyuasx emxocth II13Y 256 crmoB Ha 16 Our, T.c.
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BXOJHas ajgpecHas mmHa 8-mu (address[7..0]), a BbIXOaHAs IIMHA
nanabix  (([15..0]) 16-tu paspsanas. Paiin npommBku 113V
npuBeeH Huke (mif — daiin, nmpumep 1).

-- Quartus Il generated Memory Initialization File (.mif)
WIDTH=16;

DEPTH=256;

ADDRESS_RADIX=HEX;

DATA_RADIX=HEX;

CONTENT BEGIN

000 : 0401,
001 : 0511,
002 : 0305;
003 : 0512
004 : 0402;
005 : 0403;
006 : 0404
007 : 0604;
008 : 0406;
009 : 0407,
00A : 0600;

[00B..OFF] : 0000;
END;
[Tpumep 1. Paiin npommsku [13Y

Meradpyukuuss LPM_ROM s TIUIMC Stratix 11l padoraer
B pexume coBMecTuMocTd. [loaToMy B ciydyae NOBTOpHOU
nepepadOTKU MPOEKTOB BBHIMOJIHEHHBIX HA YCTapeBIIMX CEPHSIX
[IJINC, nanpumep Ha APEX20KE, npu cmene cepun [IJIMC Ha
Stratix Il (puc.4.11, a, ramouka Match project/default cusTa)
BO3HHKAET Mpenynpexaenue, uto merapynkuus LPM_ROM Gyner
CKOH(UTypUpOBaHA Ha CUHXPOHHBIH pEXUM pPabOThl. Bo3HHKHET
OpeaynpexIeHue O  peKOMEHJAllMh K  HUCIOJIb30BaHUIO
merapynknuu  altsyncram  (ROM: 1 PORT). ®dakrtuyecku
npouzoiger  3amemenue  Mmerapyskuuun  LPM_ROM  Ha
meragpynkuuio ROM: 1 PORT.
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66¢

ROM
address[7..0]

q[15..01

ROM

ip[7..0] address[7..0]
15..0
res  omd[15..0] inclock al !
a[7..0)
b{T..0]

f7..0] M P

X

X

XX

Puc.4.10. Muxkpomnpormeccoproe siipo ¢ acuaxpoHHbIM [13Y B 6a3zuce [TJINC APEX20KE (a) u
cuaxponHbM (0) T13V B 6a3uce ITJINC Stratix 111 (CAIIP TIJTUC Quartus Il Bepcuwu 8.1)



MegaWizard Plug-In Manager - LPM_ROM [page 1 of 5]

Docurnentation

Currently selected device Family:

address[7..0]

[ Match project/default
inclack

q[15..0]

Family supports LPM_ROM anly in backward-compatibility made.
Altera recommends using ALTSYNCRAM wizard,
How wide should the 'q' output bus be? bits:

How many 16-bit words of memary®

words
‘wthat should the memory block type be?

= Auto 2 MLAE 3 Mgk

L3 MI44K

Set the maximum block depth ko

what clocking method would you like to use?
7 Single clock

#! Dual clack: use separate ‘input’ and ‘'output’ clocks
4096 ram_bits (AUTO)|

| Cancel | | Mext = ” Finish |

a)

MepaWizard Plug-In Manager - LPM_ROM [page 2 of 5]

" LPM_ROM

Documentation

‘which portz should be registered?

address([7..0]
1> clock al15.-01

M 'gq output port

| Create one clock enable signal For each

clock signal. All registered ports are Mare Options ...

contralled by the enable signals).

[ Create an 'acl' asynchronous clear

for the registered ports More Optians ...

m} ianal
| Cancel ” < Back ” Mext = ” Einish ‘

6)
Puc.4.11. Menemxep no padote ¢ merapynxkuueii [13Y
LPM_ROM IIJIUC Quartus Il Bepcun 8.1 myst [IJIUC Stratix 11l B
peXMMe COBMECTHMOCTH: a) mar 1; 6) mar 2
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ITpu mactpoiike meradyukuuu mis [TJIMC wma Stratix 11l
MOJIb30BATENb JIOJKEH CaMOCTOSITENIbHO BBIOPATh OJMH U3 THUIIOB
0siokoB mamsATH win BeiOpaTh Tl Auto. [ns I[TJIMC APEX20KE
noctyneH Toibko Tum AUt (meradpynkmus LPM_ROM), uro
O0OBSCHIETCS apXUTEKTypHBIMU ocoOeHHocTsiMu nanHou [TJIMC, a
MMEHHO BCTpPOEHHBIMU OsiokamMu mamsT. Ecnu BeiOpats Tun Auto
s IIJIMC Stratix 11, To mo ymomuanuio goctymnasl 4096 6wt
namsTH (3aBUCUT OT Pa3psiAHOCTH aJIpeCHOM U BBIXOJHOM IIHMHBI
JIAaHHBIX ).

[anouky ¢ ‘address’ input port cHATh HeNb3s, T.€. aAPECHBIN
NOPT MO YMOJYaHUIO HACTPAUBAeTCsl KaK pPEruCTepHbIN (Ha
YCIIOBHOM OOO3HAYEHHH TMOSBISIETCS yKa3aTellb JMHAMHYECKOTO
BXOJla — TpEYroilbHUK, T.. ajapecanmus K cjoBam [I3Y
OCYIIIECTBIISICTCS 10 TIepeaHeMy (ppoHTY cuHXpouMIyibca inclock,
a BBIXOJHOM MOPT ( — acUHXpOHHBIH) (puc.4.11, 6, meradyHKIIMN
LPM_ROM pns TUTUC Stratix 111, mar 2). 3T0 TOBOPUT O TOM 4YTO
[13Y 6yner ckoHUTYpUpOBaHHA HA CHHXPOHHBIN PEXUM paOOTHI.
[To xemaHuto, pabOTy BBIXOJHOTO TOPTAa ( MOXHO TaKkKe
CHHXpOHHM30BaTh curHamoM outclock, Takum o6pazom MOKHO
peann30oBaTh PEKUM JBOWHOTO TAKTUPOBAHUSI.

Hcnonp30BaHWe BHYTPEHHHX TPUITEPOB  aJalTUBHBIX
JIOTHYECKNX Mojyineil B kadectBe mamsaTtu [I13Y B meradyHkimm
s TIJIMC ma Stratix 11l wemomyctumo, mostomy ommust LC
(Jloruyeckue DIEMEHTHI, 3aJIEHCTBYETCS OCHOBHAs  JIOTHKA:
TaONUIBI TIEPEKOTUPOBOK M BHYTPEHHUE TPHUITEPHI JOTHUYECKHUX
aneMeHToB) He noctymHa. Omuus LC moctymHa mpu paspaboTke
O3V 0e3 npeasaputenbHOl KoH(purypanuu. B cimydae BbIOOpa
o MLAB u pexuma AUt0 gocTymHbl B KadecTBe mamsitu 20
tabnui nepekoaupoBok (LUT-tabnuma, tabnuia nepekogrupoBOK
WIK  JIOTHYecKas  Taliuma, CIOyKdUT JUIS  pealu3aluu
KOMOMHAIIMOHHBIX ~ (QYHKIMA ¥  MOXET OBITh  YHPOIIEHHO
npezcrasieHa kak cronden O3Y ¢ mynbruruiekcopom) + 7 MLAB
+ 24 tpurrepa. [Ipu ucrnonb30BaHUU OJTHOTO U3 TPEX TUIIOB OIOKOB
namsitd MLAB, MO9K u M144K, nononHutenpHbId pexum Auto
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Ha3HAYaeT MaKCHUMAaJbHO JOCTYIHBI K HCIOJB30BAHUIO 00BEM
namsTi. YHCIo UCIOIb3yeMbIX CIIOB ISl KaXKAOTO OJIOKa NaMsTh
MOYET OBITh O'PAaHHYEHO TT0JIH30BATEIIEM.

Yro Obl M30€KaTh JAHHOTO MPEIYIPEKICHUS U MOBTOPHO
nepepaboTaTh ~ MPOEGKT C  HCIOJIb30BaHHEM  MeradyHKIIUU
oxuomoprooro I13Y (ROM: 1 PORT) mnsa IIJIMC Stratix Il
HEOOXOAMMO yJIaIuTh U3 npoekTa 00k mamsaTu [13Y cozmanHbIi ¢
nomompbio Merapynknuu LPM_ROM wu 3aHOBO ¢ moOMOIIBIO
macrepa MegaWizard Plugin crenepupoBats 00K HaMSITH
(puc.4.12). Cmenus npeasaputenbao B Assignments/Device ceputo
ITIJINC APEX20KE na Stratix Il1.

MegaWizard Plug-In Manager - ROM: 1-PORT [page 3 of 7] =] & (=)
ROM: 1-PORT
About Documentation

Currently selected device family:

rom_stratix

| Match project/default

addrezg[7..0]

How wide should the 'q' output bus be? | bits
How many 16-bit words of memory? 256 | words
what zhould the memory block type be?
* Auto MLAB M3k
M144K {LCs Options...
Set the maximum block depth to Auto [ | words

What clocking method would you like to use?
% Single dock
Dual dock: use separate ‘input’ and 'output’ docks

Resource Usage
4096 ram_bits (AUTO

| Cancel ” < Back ” Mext = ” Finish |

Puc.4.12. Menemxep o pabote ¢ MeraQyHKIMeH 0JTHOTIOPTOBOM
namstu [13Y LPM_ROM IUJIMC Quartus Il Bepcuu 8.1 mns [IJIUC
Stratix 11l (ROM: 1 PORT)
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o rom_stratix :

o - wa— ok 7.0 U adiress[7.0] g15.0°"

= o res  emd[15.0] —— )
P a7.0] ,:-:?__-:...x.ﬁﬁ::ﬁ::::::::ﬁ::::ﬁ EKE ........
............................ b{7.0] 11x E;
i 7.0} '"'""'K'ZZZZZ:::::::ZZZZZZZ a Ce

Puc.4.13. MukpomnporieccopHoe siapo ¢ CHHXpOHHBIM [13Y (CHHXPOHHBIHN peXuM aapecalnuu u
aCHMHXPOHHBIN pexxum uteHus) B 06azuce [TJIMC Stratix Il coznanHoe ¢ moMonso MeradyHKIIUN
ROM: 1 PORT CAIIP I'VIMC Quartus Il Bepcuu 8.1



Ha puc.4.13 nokazaHo MHUKPOMNPOILIECCOPHOE SAPO C
cuaxponusiM [I13Y B 6Gasuce ITJIMC Stratix Il co3mannoe ¢
nomotbio Merapynkimu ROM: 1 PORT. CpaBuuBas puc.4.11 u
puc.4.12, Buaum, 4to ycioBHOe o0o3HaueHue meradynkuuun ROM:
1 PORT Heckonpko oTiauW4aeTcss OT 0003HA4YeHHS MeradyHKIIHMH
LPM_ROM B pexume COBMECTHMOCTH. DTO O3HA4YaeT, YTO BCE
BXO/IbI B IaMATh U BBIXO/bI U3 HEe 3allleJIKNBAIOTCS B PETUCTPaXx.

Ha puc.4.14 u puc.4.15 nokazaHo ¢yHKIIMOHAIBHOE U
BPEMEHHOE MOJIEIUPOBaHNE PabOThl MUKPOMIPOIIECCOPHOTO SApa C
acuaxponnbiM [I3Y B 0Oasuce IUIMC APEX20KE (a) u
cuaxponueiM  (0) TI3Y B  Oasuce IIJIMC Stratix [l ¢
ucnons3oBanueM meradyukiuu [13Y LPM_ROM CAIIP Quartus
Il Bepcum 8.1.

s Toro 4ytoObl 00ECNeYUTh MEPEHOCUMOCTH IMPOEKTa C
onnoit cepuu [IJIMC Ha apyryro, 6e3 npuMeHeHUsT MerayHKIUH,
paccMoTpuM HcnoJib3oBaHue s3bika VHDL st mpoekTupoBanms
[13VY. Ilpumep 2 neMOHCTPUPYET MPOEKTUPOBAHUE ACHUHXPOHHOTO
I[I3Y wna sseike VHDL ¢ wucnons3oBaHUMEM — 3IEMEHTOB
MOBEICHYECKOTO  OMUCaHUS  (MCIONB3YIOTCS  aOCTpaKTHBIE
JIOTUYECKHE CTPYKTYphl, Takue Kak IUKIbl U mporecchl). Ha
puc.4.16 ITOKa3aHbI pe3yJIbTaThI (GYHKIMOHATBHOTO
monenupoBanus B 6azuce [IJINC APEX20KE.

[Ipumep 3 neMOHCTpUpPYET MPOEKTUPOBAHUE CHHXPOHHOTO
I13Y na s3pike VHDL, a Ha puc.4.17 mokaszaHbl pe3ysibTaThl
(GyHKIHOHATBHOTO MojeiaupoBanust B Oasuce IIJIMC Stratix 1l
[Tpoext Mukpomporeccopa ¢ cuaxpoHHbM [13Y Ha s3pike VHDL,
JEMOHCTPHUPYET paboTOCIOCOOHOCTh, KaK Ha CTaphIX, TaK U Ha
HoBeIX cepusix [TJIMC o¢upmer Altera. Tlpumep 4 moxasbiBaer
onucanue acuHxpoHHoro II3Y ¢ wucnonb3oBaHUEM >IIEMEHTOB
MOTOKOBOTO OmnucaHus (TPEICTaBICHUE HA YPOBHE PErHCTPOBBIX
nepenau). Omneparop case, oOecredynBaeT MapalICIbHYIO
00paboOTKy M HCIONB3yeTcs A BBIOOpA OJHOTO BapHaHTa W3
HECKOJIbKUX B 3aBUCUMOCTHU OT YCIIOBHIA.

304



S0€

0 p= 80.0ns 160.0ns 240.0ns 320.0ns 400.0ns 480.0ns 560,0ns 640.0ns 720.0ns 800,0ns 880.0ns

Name
0 res
w1 ck
2 ip
&N comd
[0 22) 3
o3 b
o6 r
Name
w0 res
w1 clk
w2 ip
o emd
o 28 3
3 b
) r

0 ps ED.Pns 1EI}iDns 24I}iDns 32I}iDns 4DI}iDns 4EDiDns SEDiDns E4DiDns |

A A A T L L L L L

0 1 W7 W 5 W B W 7 W 8 W § Y0 ¥ 3 ¥ & W8 ¥ b ¥ 1 ¥ B8 ¥ § yi y3
A0 0407y 0571 ) 0305 0403 0402 Y DA04 ) 0406 Y 0407 Y D600 Y U512 ' 0402 Y 0403 Y 0404 Y U602y D406 Y 0407 Y 0AW0
0 1 JEERD GERD SFIED SL N 7 ISR SEED SERD V72D SH BN SRR
(I i Y iE
] y 2
6)

Puc.4.14. ®yHkunoHaIbHOE MOJEIUPOBaHUE PAOOTHI MUKPOIIPOIIECCOPHOTO SAPa C ACUHXPOHHBIM
13V B 6a3uce IIJINC APEX20KE (a) u cuaxpontbiM (0) T13Y B 6asuce ITJIMC Stratix Il ¢

ucnonb3oBanuem Meradyukuuu [13Y LPM_ROM
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Puc.4.15. BpemenHoe MoienupoBaHue paboThl MUKPOIIPOIIECCOPHOTO Aapa ¢ aCHHXPOHHBIM [13Y B
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Puc.4.16. ®yHKIHOHAIBHOE MOJIEIMPOBaHUE PAOOTHI MUKPOIIPOLIECCOPHOTO SI/Ipa C ACHHX POHHBIM

13V Ha si3eike VHDL (TIJINC APEX 20KE)
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Puc.4.17

. @yHKIIMOHAJIBHOE MOJIEIUPOBaHHE PabOThl MUKPOIIPOLIECCOPHOTO siipa ¢ CUHXPOHHBIM [13Y

Ha si3pike VHDL (ITJIMC Stratix 111)



LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
ENTITY rom_syn IS
PORT (
clk : IN std_logic;
addr : IN std_logic_vector(7 DOWNTO 0);
rom_out : OUT std_logic_vector(15 DOWNTO 0));
END rom_syn;
ARCHITECTURE a OF rom_syn IS
TYPE T_UFIX_16_256 IS ARRAY (255 DOWNTO 0) of
unsigned(15 DOWNTO 0);
BEGIN
PROCESS (addr)
-- local variables
VARIABLE data_temp : T_UFIX_16_256;
BEGIN
FOR b IN 0 TO 255 LOOP
data_temp(b) :=to_unsigned(0, 16);
END LOOP;
data_temp(0) :=to_unsigned(1025, 16);
data_temp(1) :=to_unsigned(1297, 16);
data_temp(2) :=to_unsigned(773, 16);
data_temp(3) :=to_unsigned(1298, 16);
data_temp(4) :=to_unsigned(1026, 16);
data_temp(5) :=to_unsigned(1027, 16);
data_temp(6) :=to_unsigned(1028, 16);
data_temp(7) :=to_unsigned(1540, 16);
data_temp(8) :=to_unsigned(1030, 16);
data_temp(9) :=to_unsigned(1031, 16);
data_temp(10) :=to_unsigned(1536, 16);
rom_out <= std_logic_vector(data_temp(to_integer(unsigned(addr))));
END PROCESS;
END a;
[Tpumep 2. Onucanue acuaxponnoro I13VY Ha a3sike VHDL
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LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
ENTITY ozu_sin IS
PORT (
clk : IN std_logic;
reset : IN std_logic;
addr : IN std_logic_vector(7 DOWNTO 0);
rom_out : OUT std_logic_vector(15 DOWNTO 0));
END ozu_sin;
ARCHITECTURE a OF ozu_sin IS
TYPE T_UFIX_16_256 IS ARRAY (255 DOWNTO 0) of unsigned(15
DOWNTO 0);
SIGNAL data, data_next: T_UFIX_16 256;
BEGIN
PROCESS (reset, clk)
VARIABLE b : INTEGER,;
BEGIN
IF reset ='1' THEN
FOR b IN 0 TO 255 LOOP
data(b) <=to_unsigned(0, 16);
END LOOP;
ELSIF clkEVENT AND clk="1' THEN
FOR b IN 0 TO 255 LOOP
data(b) <= data_next(b);
END LOOP;
END IF;
END PROCESS;
PROCESS (addr)
-- local variables
VARIABLE data_temp : T_UFIX_16_256;
BEGIN
FOR b IN 0 TO 255 LOOP
data_temp(b) :=to_unsigned(0, 16);
END LOOP;
data_temp(0) :=to_unsigned(1025, 16);
data_temp(1) :=to_unsigned(1297, 16);
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data_temp(2) :=to_unsigned(773, 16);
data_temp(3) :=to_unsigned(1298, 16);
data_temp(4) :=to_unsigned(1026, 16);
data_temp(5) :=to_unsigned(1027, 16);
data_temp(6) :=to_unsigned(1028, 16);
data_temp(7) :=to_unsigned(1540, 16);
data_temp(8) :=to_unsigned(1030, 16);
data_temp(9) :=to_unsigned(1031, 16);
data_temp(10) :=to_unsigned(1536, 16);
rom_out <=
std_logic_vector(data_temp(to_integer(unsigned(addr))));
FOR cIN O TO 255 LOOP
data_next(c) <= data_temp(c);
END LOOP;
END PROCESS;
END a;
[Tpumep 3. Omnucanme cunxponnoro I[I3Y Ha s3eike VHDL
(ToBeZIeHUECKUii YPOBEHD )

LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL;
USE IEEE.numeric_std.ALL;

ENTITY ROM IS
PORT( clk : IN std_logic;
reset : IN std_logic;
addr . IN std _logic_vector(7 DOWNTO 0);
cmd : OUT std_logic_vector(15 DOWNTO 0)
);
END ROM,;
ARCHITECTURE rtl OF ROM IS
-- Signals
SIGNAL s > unsigned(7 DOWNTO 0);
SIGNAL Lookup_Table_outl > unsigned(15 DOWNTO 0);
BEGIN
s <= unsigned(addr);
PROCESS(s)
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BEGIN
CASE s IS

WHEN "00000000" => Lookup_Table_outl <= "0000010000000001";
WHEN "00000001" => Lookup_Table_outl <= "0000010100010001";
WHEN "00000010" => Lookup_Table_outl <="0000001100000101";
WHEN "00000011" => Lookup_Table_outl <="0000010100010010";
WHEN "00000100" => Lookup_Table_outl <= "0000010000000010";
WHEN "00000101" => Lookup_Table_outl <= "0000010000000011";
WHEN "00000110" => Lookup_Table_outl <= "0000010000000100";
WHEN "00000111" => Lookup_Table_outl <="0000011000000100";
WHEN "00001000" => Lookup_Table_outl <= "0000010000000110";
WHEN "00001001" => Lookup_Table_outl <= "0000010000000111";
WHEN "00001010" => Lookup_Table_outl <= "0000011000000000";
WHEN OTHERS => Lookup_Table_outl <="0000000000000000";
END CASE;
END PROCESS;
cmd <= std_logic_vector(Lookup_Table outl);
END rtl;
[Tpumep 4. Omnwucanue acunxponnoro II3Y wna s3eike VHDL
(YpOoBeHB PETUCTPOBBIX TIEepeay)

OtpenaktupyeM  ucxonmHbli  kox  s3eika  VHDL
YIIPaBJIAIOLIETO aBTOMara MHUKPOIIPOLIECCOPHOTO anpa
IIPUBEICHHOTO B paszaene 4.1 ¢ UCIONb30BaHMEM IEPEUNCIMMBIX
TUNOB. [[pyMeHEeHNe NePEeYNCINMBIX TUIIOB IIPECIENYET ABE LIEIH:
YIAY4IIEeHHE CMBICIOBON YMTAeMOCTH MPOrpaMMBbl; Oojiee YETKUN U
OpOCTOl BU3yalbHbIM KOHTposib 3HaueHWid. Haubonee wuacto
NEPEUHCIUMBIM THII UCHONb3yeTcs sl 0003HAuY€HHUs] COCTOSHUN
KOHEYHBIX aBTOMATOB.

[lepeuncnumplii  TUIT  OOBABISETCS MyTEM IMEPEUUCIICHUS
Ha3BaHU  dneMeHTOB-3HaueHWH. OOBEKTbI, THUI  KOTOPBIX
OOBSIBJIEH KakK MEpeYUCIUMBbIH, MOTYT COJepXkaTb TOJBKO T€
3HAUEHUs, KOTOPBIE YKa3aHbl IPU NEPEUNCICHHUH, CIEI0BATENbHO,
KOJINYECTBO BCEX BO3MOXKHBIX 3HAYEHMH KOHeuHO. OObsBICHUE
NIEPEYNCIIUMOIO THIAa UMEET BUJ:
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TYPE uma_muna |S ( nazeanue snemenma [, nazeéanue snemenmal );

Type State_type IS (stateA, stateB, stateC);
VARIABLE State : State_type;

State := stateB;

B nmanHOoM mpumepe oOBsBIsSETCA TiepeMeHHas —State,
JIOTTYyCTUMBIMH 3HAYCHUSIMU KOTOpo# sBisitoTcst StateA, stateB,
stateC. Ilpumep 4 NEMOHCTPYET HCIIOJIB30BAHHUE IMEPEYUCIUMOTO
THUIA JJIs1 IPOEKTUPOBAHUS YIIPABJISIOLErO aBTOMATA.

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

entity proc is

port (ip: inout std_logic_vector(7 downto 0);
cmd: inout std_logic_vector(15 downto 0);
clk,res: in std_logic;
a: inout std_logic_vector(7 downto 0);
b,r: inout std_logic_vector(7 downto 0));

end proc;

architecture a of proc is

TYPE state_values IS (st0, stl);
signal state, next_state: state_values;

begin

process(clk)

begin

if (res ='1") then
a <="00000000";
b <="00000000";
ip <="00000000";
r <="00000000";

elsif clk'event and clk="1' then
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case state is

when st0=> next_state <=st1;

case conv_integer(cmd) is

when 0=> ip <= ip+1,;

when 256 to 511 =>ip<=cmd(7 downto 0);

when 512 to 767 =>if conv_integer(a)=0
then ip<=cmd(7 downto 0);
else ip<=ip+1;
end if;

when 768 to 1023 =>r<=ip; ip<=cmd(7 downto 0);

when 1024 to 1279 => a<=cmd(7 downto 0); ip<=ip+1;

when 1280 to 1535 => b<=cmd(7 downto 0); ip<=ip+1;

when 1536 =>ip<=r+1;

when 1537=>a<=b; ip<=ip+1;

when 1538=>b<=3; ip<=ip+1;

when 1539=>a<=b;b<=a; ip<=ip+1;

when 1540=>a<=a+b; ip<=ip+1;

when 1541=>a<=a-b; ip<=ip+1;

when 1542=>a<=a and b; ip<=ip+1;

when 1543=>a<=a or b; ip<=ip+1;

when 1544=>a<=a xor b; ip<=ip+1;

when 1545=>a<=a-1; ip<=ip+1;

when others=>ip<=ip+1;

end case;

when st1=> next_state<=st0;

end case;

end if;

end process;

end a;

[Tpumep 5. Onucanue YIPaBJISAIOLIETO aBTOMaTa
MHUKPOIIPOLIECCOPHOTO Siipa C HCIOJBb30BAHUEM IEPEUUCIUMOTO

tuna Ha s3eike VHDL ¢ koM paGoThl B 1Ba TakTa

Wzyuas puc.4.14-4.17, Bumum, 4TO (PYHKIHMOHAIBHOE H
BpPEMEHHOE MOJIETUPOBaHHUE OATBEPIKIAIOT MPaBUIILHOCTH PaOOTHI
MHUKpPOIPOIIECCOPHOTO siipa peanu3oBaHHoro B Oasucax [IJIMC
APEX20KE u Stratix 1l CAIIP TIUDIMC Quartus Il Bepcumn 8.1.
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He3aBucuMo OT THNa MCMOIB3YEMOUW TMaMITH (CHHXPOHHBIN WA
ACMHXPOHHBIN PEXHUM paboOThI) Mpoleccop padoTaeT B JBa TaKTa.
[Io mepBOMy TakTy CHHXPOUMIIYJbCa HIPOUCXOIAUT BBIOOpKA M
nemu@pupoBaHre KOMaH[bI, a MO BTOPOMY TaKTy IMPOUCXOIUT
HENOCPE/ICTBEHHAss OTpaboTKa KOMaHJbl, HampuMmep, BblAaya
pE3yJabTAaTOB B PETUCTPHI OOIIEr0 Ha3HAUEHUS WM 3arpy3Ka HOBBIX
KOMaHJl, KaK B cliydae ¢ “IpbDKKOBBIMU~ KOMaHIaMHU, HalpuMmep,
komannsl CALL mwiu RET.

Tabmuma 4.3

Hcnonbezyemsie pecypebt IJIUC Stratix 111 EP3SL50F484C2

IpoekTt Logic utilization Total
Combinationa | Dedicated block

| ALUTSs logic memory
registers bits

CuHXpOHHOE 3y,
IVIMC  Stratix I, 109 33 4096
MeraQyHKIUsA

LPM ROM, tun Auto

*Cunxponnoe II3Y,
IIVIMC  APEX20KE 188 LE 4096
EP20K30ETC144,
MeraQyHKIUA
LPM_ROM, tun Auto

CuHXpOHHOE 3y,
MJIKNC  Stratix 11, 109 33 4096
Meradgynkuus ROM: 1
PORT, Tun Auto

CuHXpOHHOE 3y,
MJINC  Stratix 111, 94 32 4096
meragynkuuss ROM: 1
PORT, tum Auto
(ynpaBJsirO LM i
aBTOMAT, IpUMep 5)

Acunxponnoe II13Y nHa
s3bike VHDL, npumep 111 33 -
4

Cunxponnoe II3Y Ha
AI3bIKE VHDL, 113 33 -
YIPaBJIS IOLIUI

aBTOMAT, IpuMep 5
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* IPUBOMUTCS VISl CPABHCHUS

s pa3paboTKM MHKpPOIPOLECCOPHBIX sep B 0Oasuce
[IJINC Stratix 1l B xagectBe cunxponnoro II3Y HeoOxomumo
UCIIOJIb30BaTh YHUBEPCAIbHYIO MeragyHkiuio altsyncram, koropas
MOXeT ObITh ckoH(purypupoBana kak ROM: 1 PORT
(Meradyukims altsyncram moxxer ObITh TaK K€ HCIIOJIb30BAThCA U
st kKoHGurypupoBanust O3VY), 4yTo MO3BOJISET CHUZUTH HArPY3KY
[0 YHUCITY HCIOIb3yEeMbIX JIOTHYECKHX 3JIeMEHTOB (Tabmn.4.3) u
obecrieunTh  CHHXPOHHBIM  pexxkuMm  padotrel  [I3Y. Ecmm
ynpasisitonuii  aBtomar u [I3Y OyayT cCcHOpoeKTHpPOBAHHBI C
ucnons3oBanueM s3pika VHDL, To B 3TOM cimywae Oyner
3aJIeiCTBOBAaHHA OCHOBHAsl JIOTMKA: TaOJIUIBI TEPEKOIAUPOBOK
(ALUT) u BHyTpeHHHE TpHUITEphl Jorudeckux siemeHtoB (logic
registers). M3 ananu3a mpeacTaBICHHON TaOIHIIbI, MOYKHO C/IEIATh
BBIBOJI, YTO B IMpOCTeilIeM ciay4yae, Haumbojee ONTUMAIbHBIM
OKa3bIBaeTcsl Hcmoib3oBaHue s3pika VHDL a Onoku mamstu
UCHIONB3YIOTCS He (D (PEeKTUBHO.

4.3. IIpoexTHpoBaHMe Y4eOHOI0 NMPOLECCOPa IS peaaTu3anuu
B 0a3uce [IJIMC c nucnonn3oBanuem cucrembl Matlab/Simulink

Llenpto  maHHOTO pa3zena  SBISIETCS  JIEMOHCTPALUs
BO3MOXKHOCTEH CHCTEMBI BU3YyaJIbHO-MIMMHUTAIIIOHHOTO
MOZIETTHPOBAHHS Matlab/Simulink  mo  mpoekTupoBaHHIO
MHKPOIIPOIIECCOPHBIX siaep i peanuzauun B Oazuce [TJIMC
dbupmer Altera.

[Ipn KonmMuecTBE JIOTMYECKUX BEHTHWICH B MPOEKTE CBBIIIE
5000, Bu3yanmu3MpoBaTh BBINOJHSAEMblE (YHKIMM YCTPOMCTBA,
KpailHe CIIOKHO. [‘apaHTHpOBaTh, YTO BECh NPOEKT MOXKHO
OCO3HaTh, TOJNBKO B3IJIIHYB HA €ro CXeMmy, MPaKTUYeCKU
HEBO3MOJKHO.

Pa3zpaboTumkyn, HCHONB3YIOMIME B  CBOMX  IPOEKTAaX
METOJIOJIOTHIO CHUCTEMHOro YpoBHs mpoekTupoBanus (Electronic
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System Level (ESL) Design - mpoekTHpoBaHHE Ha CHCTEMHOM
YPOBHE WJIU TIPOCKTUPOBAHUE “‘CBEPXY BHHU3 '), MMOJTydaT OUYEBUTHBIC
npeuMyiecTsa.  Bo-mepBbIX,  JFOOOM  OTACIBHO  B3STHIN
pa3paboTUrK MOXKET 00eCIeYUTh pEICHUE 3a/Jaul MOBBIIIEHHON (1
MOCTOSIHHO YBEJIMYMBAIOIIEHCS) CIO0XKHOCTH, oOpaluasich K Oolee
BBICOKMM YPOBHSIM aOCTpakIUu U Iepe/iaBas peaqu3alnio MeIKuX
JeTanell MpoeKTa aBTOMAaTHU3MpOBaHHOMY Ipoueccy. I[Ipome u
ObicTpee pa3pabarbiBaThb MOJEIH  CII0KHO-(YHKIIMOHATBHBIX
yCTpOWCTB Ha OoJjiee BBICOKMX YPOBHSIX aOCTpakIUu, YeM C
UCIIONIb30BaHUEM YPOBHS pPerucTpoBbix mepeaad (RTL-yposens,
register transfer level. Camplii mpocToii crioco6 MOHATH KOHIIEIILHEO
RTL-onucanus —  OpeACTaBUTh  CIOXKHO-(DYHKIIMOHATBHOE
YCTPOWCTBO B BHJIE COBOKYITHOCTH PETUCTPOB, CBSI3aHHBIX MEXKIY
co0oil srmeMeHTaMu KOMOWHAIIMOHHOW JIOTMKU W YIPAaBISEMBIX C
MOMOIIbI0 00IIero cuHxpocurHana). CUMyIALUS B 3TOM CIIydae
BBITIOJHSETCS] HAa TIOPSIKU OBICTpee, MOCKOJIbKY HE CUMYIUPYIOTCS
HECYIIECTBEHHBIE JIJIsl TAaHHOTO YPOBHS aOCTpaKIUu JAETalH.

Bo-BTOpBIX, pa3pabOTYUKU MOTYT 3HAYUTEIBHO COKPATUTH
UK TPOU3BOJACTBA M YIYYIINTh KAayecTBO H3JENUi, Oiaromaps
npoBepke (PYHKIMOHAIBHBIX BO3MOXKHOCTEH, emeé Ha »JTamne
MPOEKTUPOBAHMSI, KOT/Ia BHECEHHE NU3MEHEHUN B CHUCTEMBI JIETKO H
OTHOCHUTEIBHO JICIIEBO.

[TepBbIM dTamoM B moTtoke ESL-mpoekTrpoBaHus sSBiIsieTCS
ornpezeneHue TpeboBaHU K MIPOEKTY. TpeGoBanus
YCTaHABIMBAIOTCS KOHKPETHBIM 3aKA3YUKOM WM OMPEIEISIIOTCS B
pe3yabTaTe COOTBETCTBYIOIIUX MaPKETHUHTOBBIX HCCIEIOBAHUH.

Jlamee TPOBOAMUTCS CUCTEMHOE MPOEKTUPOBAHHE U
BepU(UKAILlUs AITOPUTMOB, KaK NPABHIO, C TOMOIIBIO S3BIKA
nporpammupoBanus  C/C™"/SystemC  wmim ¢ [MOMOIIBIO

CHEIUATbHBIX CPEICTB BU3YaJIbHO-UMMHUTAIIHOHHOTO
monenupoBanus  tuma  MathLab/Simulink  komnanuu  The
MathWorks wuau SPW2000 (signal processing worksystem -
pabouas cpena o0paboTku curnanoB) komnanuu Cadence. Ha stom
JTame MOTYT OBITh HCIONB30BaHBI M ESL-pOayKTHl KOMIaHUH
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Summit Design, takue kak Visual Elite, FastC, System Architect u
Virtual CPU. C momoIpi0 TEKCTOBBIX WM rpadUyecKuX CPEICTB
CO3JAIOTCSl  HMCIOJHAEMble (DYHKIMOHAIbHBIE —CHeHU(UKAINH,
KOTOpBIC OINHUCHIBAIOT TOBEACHHE MPOCKTa B paMKaX 3aJaHHBIX
orpaHnycHui. DYHKIHOHAIbHAS BEPUPHUKALUS TEXHOJIOTHICCKU
He3aBucUMa. Takoe OMUCcaHue JIUIICHO JACTAlICH pean3alliH.

Simulink — rpadudeckas cpena BU3yaabHO-UMHTAIHOHHOTO
MOJICJIMPOBAHMST ~ QHAJIOTOBBIX M JHCKPETHBIX  CHCTEM.
[IpenocraBisieT MoJib30BaTENNO rpaduueckuil HUHTEpdenc s
KOHCTPYHUPOBAHUS MOJENCH W3 CTaHIAPTHBIX (YHKIIMOHATBHBIX
omokoB. Simulink paGoraeT ¢ JNHHEHHBIMH, HEIUHCHHBIMH,
HEMPEPHIBHBIMH, JUCKPETHBIMA M MHOTOMEPHBIMH CHCTEMaMH.
Cucrema Matlab/Simulink comepkut BCTpoeHHBIN reHepaTop Kojaa
s3bpIka onucaHus ammapatHeix cpeacts HDL  (Simulink HDL
Coder) u opueHTHpOBaHA Ha MOJJEPXKKY cumyasitopa VHDL
ModelSim. Simulink HDL Coder — mporpaMMHBIi TPOIYKT ISt
redepanuu VHDL-xona 6e3 npuBsI3KM K KOHKPETHOM apXUTEKType
IUIMC u mnarpopme mo Simulink-mozensm. CrpaBeyiuBocTH
pamu, CcleAayeT 3aMeTUTh, YTO CTWJIb KOJWPOBAaHUS MOXKET
MOBIIUSITh Ha TPOHM3BOIUTEIBLHOCTh MPOCKTUPYEMOTO YCTPOMCTBA,
ocobenHo Ha IIJIMC. Jlormueckue SKBUBAJIEHTHBIE, HO pa3HbIE
RTL-onepaTopsl MOTYT BbIIaBaTh pa3IMYHbIC PE3yIbTATHI.

IMokaxxem Bo3MoxHOCTH cucTeMbl Matlab/Simulink  wa
stane ESL-mipoekTHpoBaHMS TO CO3AaHUI0 MHKPOIPOLECCOPHBIX
saaep.  Bocmomedyemcs — cMCTeMOM — KOMaHJI  CHHXPOHHOTO
npoleccopa, peaJr30BaHHOTO C  IOMOIIBIO  YIPABISIONIETO
aBTOMaTa, C [IUKJIOM PabOThI B J]Ba TAKTa.

Jlns  yueOHBIX TIieneif, pa3paboTaeM JiBa TMpOEKTa C
UCIIOJIb30BAHUEM ACHMHXPOHHOTO M CHUHXpoHHOTro [I3Y Ha s3bike
VHDL. Jlns yckopeHHs mpoliecca MPOEKTUPOBAHUS MpeaiaraeTcs
ucnonb3oBatk Bo3moxkaoctu Simulink HDL Coder.

3anyck mporeccopa B Simulink cremyer mpousBoauTh €
ucrnonb3oBanueM omiaguuka (Simulink  Debugger). Tlepen
oTnaaKoi HeoOxommmo 3aitu B Menro Simulation/Configuration
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Parameters u BbIOparh guamor Solver (“pemarenn”, METOIBI
YUCJICHHOTO pemieHus auddepeHaibibiXx 1 auddepeHImaibHo-
anrebpanyeckux ypaBHenuii). B Solver options BeiOpats Type:
Fixed-step; Solver: discrete (no continuous state); Fixed step size

(fundamental sample time) — 1.0.

Ha pwuc.4.18 mokaszana otrnagka mponeccopa. IIpoueccop
coctout u3 ciuenyromnmx 6okoB: ROM - [13Y mponeccopa; COP —
010k BeIeneHus mojei komanael; ALU — AJTY nponeccopa; RON
— peructpbl oOmiero HaszHaueHus, peructpel A m B; RSN —
PErUCTpPhI CHEHALHOTO Ha3HAUYEHUs, peructp R nms obecnieueHus
komaHnj oopamienust K moamnporpammam (CALL) u Bosspara (RET)
u peructp-cueruuk Ip. Ha puc.4.19 mokazan ¢ain NpommBKH
I13Y. [Jna nocrpoenus II3Y wucnonb3yercs (yHKIMOHAIBHBIN
6ok Lookup Table, xoropsiii GopMupyer Tabiuily, B CTpOKax
KOTOPOM HaxoHIATCA TMOPSAJIKOBbIE HOMepa (aapeca) KOMaH].
Hanpumep, ctpoke 1 coorBerctByer komaHma 1036D
(maemonnueckuii kogq MOV A[12). Anpeca komana (BXOJHOU
nopt addr), sBemecrBennnie yncaa (Real World Values) 0,1,2.. 23,
npezacrasisiores B ¢opmare uint8 (Unsigned integer fixed-point
data type, menbie unciaa 6e3 3Haka B (hopmare ¢ (HPUKCHPOBAHHON
3amsITol, ¢ 8-MH OWTHON TOYHOCTBIO), @ KOMAaHJbI (BBIXOIHOM
HOpT) MpeAcTaBisAoTcs B ¢Gopmare Uintle, ¢ 16-tu OuTHOM
TOYHOCTHIO. Bce CUTHANBI B TIpoIieccope MpeCTaBIeHbI B (hopmare
uint8 kpome curnanoB ¢cmd u cmdData, oHu mpeaCTaBICHBI B
¢opmare uint16.

B ¢opmare ¢ QuxcupoBaHHoil 3amsToil 0e3 3Haka,
BEIIECTBEHHOE YUCIO V  MOXHO CUUTaTh OO0O3HAYECHUEM

MOJIMHOMA.
ws—1 .
V= S*[Zb@'},
i=0

rne b —naBomunoe umcno, b =10; Ws—pasmep cioBa,
OTBETCTBEHHO 3a TOYHOCTH INPEACTABICHUS ICCSITHUYHBIX YHCEN C
3arsIToi, MakcuManbHo 128 6ut; S —wmacmrad, S =2F, E —uucno
OuToB JeBee Miammiero 3Hadamero Ourta (LSB) B crose,
0003HaYaIIMEe  MECTOPACIONIOKEHHE  TO3UIIMOHHON  TOUYKHU
(pazmenuTenbHOM TOUKH WU pa3/IeIUTEeNLHON 3asIToN).
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6T¢

1303

=
command
addr cmd \ Cmd Data
OutData
| cdCiata ! ey -
ROM OutCmd
| inData
| coP N outs |——
in2 outR
[ —w{inlF
TestProgramm: TestProgramm: - R outl®
0: MOV A12 0: 1028 T | _
1. MOV B.23 I 1233 pelind  outs — ALU
2. ADDAB 2 18
2. DECA 2 1545 g oud
4 MOV B.7S 4 1358
5: XCHG AB 5: 1539 RON
& SUBAB 8 1541
7. DECA 7 1545 =
8: AND AB 8 1842 >
9: JMPZ 11 ?n ,:3
10: JMP 7 s=s inR outR —
11: mvo\.r A3 :l 1;:; = ] Regh | -
12: MOV B117 = i
1;- C“)R,’.‘. B 12: 1543 §inlp  outlp
L 14: 1538
| HCHE AB
. XOR A.B 15: 1544 RSN .
: A 1 =
: JMP 21 18277 > L 1
17: MOV A,111 :;: L“:S
18: MOV B,200 : counter IP
15 AND A 19: 1542 RegB
0. RET 20: 1538
CALL 1T 21: 785
| MOP 2za

Puc.4.18. Otnaaka Mozenn MUKporporieccopHoro sapa B cucreme Matlab/Simulink u TectoBas
nporpamma (aiin npormsku 13V, conepxumoe 6110ka ROM)



W Lookup Tabie Editor: proc. 2stage/ROM/Lockup Table: =HEN X7
File Edit Plot Help

s e BolEdhaltelt
Lockup Table
Madels: Viewing "Lookup Table" block data [T()]:
E Function Block Parameters: Lookup Table ‘l‘ i proc_Jstage v B’“ Breakpoints  Column )
Lookup Table blocks; Row -
Pertorm 1-D linear interpolation of input valugs using the specified table EFEROM 1) 1036

Extrapolation is performed outside the table boundaries.

Main | Signal Atributes
Veol of out vahies 310111203 14151617,18182021 22

Table datar 297,15431539.1544.277. 113514801542 1536 785.0))

)
3
4

103
1540
1545

awr -

Data Type: Row: uintd  + Column: | double « Table: uintls =
Lookup method: Interpoletion-Use End Yalues

Dimension Selector:
Sample time [-1 for inherited): -1 -
Dimension size B

Seect 20 sce | Al -

[ Transpase display

Puc.4.19. ®aiin npommsku [13Y (comepxumoe 610ka ROM) B
cucreme Matlab/Simulink ¢ ucnosp3oBaHreM QyHKIIMOHATBHOTO
omoka Lookup Table

Jns nensix yncen S =1. Hanpumep, yrcino 0011.0101 npu anune
cioBaWs =8:
L[0%27 +0%2° +1%2° +
3.3125=2
+1%2% 0% 2% +1%22 +0* 2" +1*2°

Brigenenue nomneit koman sl ocymiectBisercs B 6moke COP
(puc.4.20). Curman OutCmd (uint8) — 8 crapmmx Outr 16-Th
paspsanoii komanasl CmdData (uint16) usiekaemoit u3 I13VY.
Curnan OutData (uint8) — 8 mmagmux OUT, CoAepIKalie JaHHbIC.
Oynkunonaneueie  O6moku  Shift  Arithmetic  (apudmernueckuii
capur) u Data Type Conversion (mpeoOpa3oBaHue THIA JaHHBIX )
ucronb3ytorest it popmupoBanus curnana OutCmd. Omnm
OCYIIECTBIISIOT JIOTHUECKUH caBur BopaBo curHaima CmdData,
MitaamuMu 6utamu Briepen. st popmupoBanus curnana OutData
OCYIIECTBIISICTCS JIOTHYEeCKUW caBur BieBo curHaia CmdData,
CTapIIMMU OWUTaMH BIEpeN, a 3aTeM CIBUT BIPaBO, Ha 8 OWT
BIIEPE].

320



Vy=Wu =28
Qy=0Qus=8 B uints
By =Eu OutCmd
Shift Data Type Conversion
Asithmetic
cmdDats
Wy =Wu =28 Wy =Wu T 208
Qy=0u =<8 — Qy=0Qu=>>5 —» uints i )
Ey=Eu Ev=Eu CutData
Shift Shift Data Type Conversion
Arithmetict Arithmetic?

Puc.4.20. Beinenenue nosiei KOMaHbl C ITOMOIIBIO OTIepaliHii
apuMETHYECKOTO CIIBUTA

B o6mokax Display (command, Cmd, Data, RegA, RegB,
RegR, counter IP) otoOpaxaetcst coaepKMMOe BHYTPESHHHUX Y3JIOB
nporeccopa. Hampumep, no komange MOV A/12 B peructp A
3arpyxkaercs yucio 12, mo xkomange MOV B,23 B peructp B
3arpykaercs uucio 23. A no xkomanzae 1540 IOJDKHO MPOU30UTH
CIIO’)KEHHUE COJICPIKUMBIX PErHCTPOB, C COXPAaHEHHUEM pe3ybTara B
peructpe A.

Ha puc.4.21 noxazan 6mox AJIY. Ilpumep 1 mokasbiBaeT
M-¢aiin  pynkuuun AJIY B cucreme Matlab/Simulink. Tekct
byHKIIMU HauKaeTcs ¢ 3arojioBka function, uMeroriero cieayrommii
BU:

function [y1, y2, ...]=fname(x1,x2, ...),

riae fname — ums dynium; X1, X2 U T.1. — BXO/AHBIE TapaMeTpsr; Y1,
y2 ¥ T.J. — BBIXOJHbIC MTapameTphl. B ycioBHOM omeparope Switch
BBIOMPAETCS OJIHA M3 BO3MOXKHBIX aJbTEPHATHB. 3aIUCh OlepaTopa
BBIOOPA MPOM3BOAMUTCS ¢ MOMOIIBIO KJIFOYEBBIX CIIOB SWitch, case,
otherwise. Tlpu BeimosHEeHUH omepatopa Switch 3nadenue inCmd
noouepeHo cpaBHuBaetcs ¢ 1,2,3,... [Ipu oOHapyxeHUH MEepBOTO
COBIIAJICHUSI BBITIOJIHSAIOTCSI OTEPAaTOPhl COOTBETCTBYIOIIEH BETBH,
MI0CJIe YeT0 MPOM3BOIUTCS BBIXOJI U3 OIIepaTopa BEIOOPA.

Ha pwuc.4.22 mnoka3zaHoO TOCTPOCHHE PETHUCTPOB OOIIETOo
Ha3HAYeHUs] C HUCIOJIb30BaHHEM (YHKIMOHAJIbHBIX OJIOKOB
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Memory. AmnanorudHo GOpPMHUPYIOTCI U OJIOKH  PETUCTPOB
CIEIUATbHOTO HA3HAYCHUS.

Hanee ¢ momomrsio Simulink HDL Coder crenepupyem ko
s3pika  VHDL  dyHKIMOHAIBHBIX  OJIOKOB  MPOEKTHPYEMOTO
nporeccopa. [Ipu 3Ttom HeoOxoaumo momMuuTh, uro CAIIP TTJIMC
Quartus 1l oTHOCHTCS K KOMIMJISATOpaAM-CHHTE3aTOpaM M HMEET
NPUBA3KY K KOHKPETHOW apXUTEKType, a CreHePHUPOBAaHHBIH KO
s3pika VHDL ¢ momomisro Simulink HDL Coder B mepByio
ouepenp npeanasnaycH a1 ModelSim SE (Mentor Graphics HDL
simulator). Iocnenuss Bepcuss CAIIP ITJIMC Quartus Il (Bepcus
8.1) comepxuT agantupoBaHHbiii cumynsatop ModelSim-Altera.

inCmd
(2 — | 7
po]incma
inData Ll outA 4@
P {inDiata outd
inA in, outs
alu outB
inB inlp outR
inlP A L outlP
ALL

inR

Puc.4.21. brnox AJIY mporeccopa

function [outA, outB, outR, outlp] = alu(inCmd,inData,inA,inB,inlp,inR)
OUtA = inA;
outB =inB;
outR = inR;
outlp = inlp+1;
switch inCmd
case 0 %NOP
case 1 %JMP
outlp = inData;
case 2 %JMPZ
if inA ==
outlp = inData;
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end
case 3% CALL
OUtR = inlp+1;
outlp = inData;
case 4 %MOV A, XX
OutA = inData;
case 5 %MOV B, xx
outB = inData;
case 6
switch inData
case 0 %RET
outlp = inR;
case 1 %MOV A B
OutA = inB;
case 2 %MOV B,A
outB = inA;

case 3 %XCHG AB

X =inB;
outB = inA;
OutA = X;
case 4 %ADD AB
OutA = inA+inB;
case 5 %SUB A,B
OutA = inA-inB;
case 6 %AND A,B

OutA = bitand(inA,inB);

case 7 %OR A,B

OUutA = bitor(inA,inB);

case 8 %XOR A,B

OutA = bitxor(inA,inB);

case 9 %DEC A
OUtA = inA-1;
end
end

[Mpumep 1. M-¢aiin pyakumu AJTY B cucteme Matlab/Simulink
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inA outh
Memory
Z
inB outB
Memory1

Puc.4.22. Peructpsi 001iero HazHa4eHHs MPOIIECCopa

[lpumep 2 TmOKa3pIBa€T CrEeHEPUPOBAHHOE OIHMCAHUE
npounBku 113V Ha sa3sike VHDL, npumep 3 BbaeneHue mnoseit
KOMaHbl, IpuMep 4 noseaeHuyeckoe onucanue AJIY, npumep 5 —
peructpel  obmero HazHadeHWs. C  [ENbIO  COKpaIeHHS
U30BITOYHOCTH KOJa, Bce OJIOKM TIpoleccopa IMOJABEPIIIHCH
pyuHoMy penaktupoBanuio. IIpu renepanuu koxa s3sika VHDL
(GyHKIMOHATIBHBIX OoKoB mporeccopa, Simulink HDL Coder
UCTIONIB3YeT TONbKO aBa makeTa std logic 1164 u numeric_std. Tak
KaK 3apaHee IMpeIosaraercs, 4Yro Mmporeccop padboTaeT TOJIBKO C
IENBIMA TTOJIOKUTEILHBIMU JBOMYHBIMH yMcamMu (TUI Unsigned).
JlobaBuM B Kakbli OJOK criemyromrue makersl Std_logic_arith u
std_logic_unsigned. Komnunsatop-cunTe3arop Haunbosee
s pexktuBHO oToOpaxkaer B pecypebl [IVIMC ¢pynknum (Hanpumep,
apu@MeTHyecKue)  KOTOpble  HCHOJBb3YIOTCS M3 IaKETOB
std_logic_1164, numeric_std, std_logic_arith u std_logic_unsigned.

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL;

USE IEEE.numeric_std.ALL;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

ENTITY ROM IS

PORT(
addr: IN std_logic_vector(7 DOWNTO 0);
cmd: OUT std_logic_vector(15 DOWNTO 0));
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END ROM,;
ARCHITECTURE rtl OF ROM IS
SIGNAL Lookup_Table_outl: std_logic_vector(15 DOWNTO 0);

BEGIN

PROCESS(addr)

BEGIN

CASE addr IS

WHEN "00000000" => Lookup_Table_outl <= "0000010000001100";
WHEN "00000001" => Lookup_Table_outl <="0000010100010111";
WHEN "00000010" => Lookup_Table_outl <= "0000011000000100";
WHEN "00000011" => Lookup_Table_outl <="0000011000001001";
WHEN "00000100" => Lookup_Table_outl <="0000010101001110";
WHEN "00000101" => Lookup_Table_outl <="0000011000000011";
WHEN "00000110" => Lookup_Table_outl <= "0000011000000101";
WHEN "00000111" => Lookup_Table_outl <="0000011000001001";
WHEN "00001000" => Lookup_Table_outl <="0000011000000110";
WHEN "00001001" => Lookup_Table_outl <= "0000001000001011";
WHEN "00001010" => Lookup_Table_outl <= "0000000100000111";
WHEN "00001011" => Lookup_Table_outl <= "0000010000001101";
WHEN "00001100" => Lookup_Table_outl <="0000010101110101";
WHEN "00001101" => Lookup_Table_outl <="0000011000000111";
WHEN "00001110" => Lookup_Table_outl <="0000011000000011";
WHEN "00001111" => Lookup_Table_outl <= "0000011000001000";
WHEN "00010000" => Lookup_Table_outl <= "0000000100010101";
WHEN "00010001" => Lookup_Table_outl <="0000010001101111";
WHEN "00010010" => Lookup_Table_outl <="0000010111001000";
WHEN "00010011" => Lookup_Table_outl <="0000011000000110";
WHEN "00010100" => Lookup_Table_outl <= "0000011000000000";
WHEN "00010101" => Lookup_Table_outl <= "0000001100010001";
WHEN "00010110" => Lookup_Table_outl <= "0000000000000000";
WHEN OTHERS => Lookup_Table_outl <="0000000000000000";
END CASE;

END PROCESS;

cmd <=Lookup_Table_out1,

END rtl;

[Tpumep 2. @aiin npommBku acuaxpoHHOTO 113V Ha s3p1ke VHDL
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library ieee;

USE IEEE.std_logic_1164.ALL;

USE IEEE.numeric_std.ALL;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

ENTITY COP IS

PORT(

cmdData : IN std_logic_vector(15 DOWNTO 0);
OutData: OUT std_logic_vector(7 DOWNTO 0);
OutCmd : OUT std_logic_vector(7 DOWNTO 0));
END COP;

ARCHITECTURE rtl OF COP IS

BEGIN

OutCmd<=cmdData(15 downto 8);
OutData<=cmdData(7 downto 0);

END rtl;

[Tpumep 3. Beigenenue noseit komauasl Ha s3eike VHDL

LIBRARY ieee;

USE ieee.std_logic_1164.all;

USE ieee.numeric_std.all;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

ENTITY ALU_entity IS

PORT (
inCmd : IN std_logic_vector(7 DOWNTO 0);
inData : IN std_logic_vector(7 DOWNTO 0);
inA : IN std_logic_vector(7 DOWNTO 0);
inB : IN std_logic_vector(7 DOWNTO 0);
inlp : IN std_logic_vector(7 DOWNTO 0);
inR : IN std_logic_vector(7 DOWNTO 0);
outA : OUT std_logic_vector(7 DOWNTO 0);
outB : OUT std_logic_vector(7 DOWNTO 0);
outR : OUT std_logic_vector(7 DOWNTO 0);
outlp : OUT std_logic_vector(7 DOWNTO 0));

END ALU_entity;

ARCHITECTURE fsm_SFHDL OF ALU_entity IS

BEGIN

PROCESS (inCmd, inData, inA, inB, inlp, inR)
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BEGIN
OUtA <=inA;
outB <= inB;
OUtR <= inR;
outlp <= inlp+1;
CASE inCmd IS
WHEN "00000000" =>
--NOP
NULL;
WHEN "00000001" =>
--JMP
outlp <= inData;
WHEN "00000010" =>

IFinA=0THEN
--JMPZ
outlp <= inData;
END IF;
WHEN "00000011" =>
-- CALL
OutR <= inlp+1;

outlp <= inData;
WHEN "00000100" =>
-MOV A,xx
OUtA <= inData;
WHEN "00000101" =>
--MOV B,xx
outB <= inData;
WHEN "00000110" =>
CASE inData IS
WHEN "00000000" =>
--RET
outlp <=inR;
WHEN "00000001" =
--MOV A,B
OUtA <= inB;
WHEN "00000010" =
--MOV B,A
outB <=inA;
WHEN "00000011" =

|
\Y

|
\Y

|
\
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--XCHG AB
outB <= inA;
OUtA <=inB;

WHEN "00000100" =>
--ADD A,B
OUtA <=inA +inB;

WHEN "00000101" =>
--SUB AB
OUtA <=inA - inB;

WHEN "00000110" =>
--AND A,B
outA <=inA AND inB;

WHEN "00000111" =>
--ORAB
OUtA <= inA OR inB;

WHEN "00001000" =>
-XOR AB
OUtA <= inA XOR inB;

WHEN "00001001" =>
--DEC A
OUtA <=inA-1;

WHEN OTHERS =>
NULL;

END CASE;
WHEN OTHERS =>
NULL;
END CASE;
END PROCESS;
END fsm_SFHDL;
[Tpumep 4. Acunxponnoe AJIY Ha s3pike VHDL

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL;

USE IEEE.numeric_std.ALL;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

ENTITY RON IS

PORT(clk: IN std_ logic;
reset: IN std_logic;
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enb: IN std logic;
inA : IN std_logic_vector(7 DOWNTO 0);
inB: IN std_logic_vector(7 DOWNTO 0);
outA: OUT std_logic_vector(7 DOWNTO 0);
outB: OUT std_logic_vector(7 DOWNTO 0));
END RON;
ARCHITECTURE rtl OF RON IS
BEGIN
PROCESS (clk, reset)
BEGIN
IF reset ='1' THEN
OUtA <= (OTHERS =>'0";
ELSIF clk'event AND clk ='1' THEN

IF enb ="1'THEN
OUtA <= inA;
END IF;
END IF;
END PROCESS;
PROCESS (clk, reset)
BEGIN

IF reset ='1' THEN
outB <= (OTHERS =>'0";

ELSIF clk'event AND clk ='1' THEN
IFenb="1"THEN

outB <= inB;

END IF;

END IF; END PROCESS; END rtl;

[Tpumep 5. Peructpsl obuiero Haznauenust (POH)

Ha puc.4.23 MoKa3aHa TecToBast cxema
MHUKPOIIPOIIECCOPHOTO siipa B rpaduueckoM penaktope CAIIP
[IJINC Quartus |l, mocTpoeHHass mo Mojenu pa3pabdOTaHHOH B
cucreme Matlab/Simulink u BpemeHHble auarpammbl pabOTHI
(puc.4.24). Ananusupys NHOJIYYEHHbBIE PE3YNbTAThl, MPUXOIUM K
BbiBONly, uTo [I3Y u AJIY sBIAIOTCS acCUHXPOHHBIMU OJIOKaMHU.
Peructpel o0miero u crnenuaibHOTO HA3HAYEHUS IPEICTABIISIIOT
co0oil 8-MU paspsAHble PETUCTPbl TaKTUpyemble (HPOHTOM
CHUHXPOCHUTHANa, ¢ aCUHXPOHHBIM cOPOCOM [€SEt U CHHXPOHHBIM
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cUrHAJIOM €na. HemocTaTkoM CreHepHUpOBaHHOTO KOJA SI3bIKA
VHDL, sBnsercs neraktupyemoe AJIY u [13VY.

CrenepupyeM ¢aitn npomuBku [13Y, ucnonszys M-daiin u
fi-oobexkTel  cuctremsr  Matlab.  Fi-o0bekThl  1MO3BOJSIOT
NpEJCTaBIATh YHuclia B ¢opMmare ¢ (QUKCHPOBAHHOW 3arsTOM.
Hampumep, mo xomange a=fi(1536) 1emoe MONOKUTEIBHOE
necsatuuHoe ynuciio 1536 Oyaet npencrasieHo B popmare M.N, rioe
M - oOmee umcio ABOWYHBIX paspsgoB, N - d9mciao paspsiios
npobHoit yactu. HambGonee pacmpoctpaneHnbiii (opmar 16.15.
[laTHamuate  paspsioB  TOCiE  3amsiaToil  00ecreYMBarOT
JUCKPETHOCTh ITIPEeACTaBieHus paBHylo 2 ° ~3*10°. B namewm
cilydae ucrosib3yeM cieayrommii popmat: a = fi(v,s,w,f), roe v -
00BbeKT co 3HaueHueM, S — 3Hak (0 (false) — s uucen Oe3 3Haka u
1 (true) — must ducen co 3HaKOM), W - pa3mep ciioBa B Outax (1ienas
yacTh uncia), f — nqpoOHas yacte uncina B Ourax. Hampumep, mo
komanae a=fi(1536, 0, 16, 0) 1enoe MOT0KHUTEIBHOE JACCATUIHOC
guciio 1536 Oyner npencrasieno B ¢gopmare 16.0. Ilo komanme
disp(bin(a)) mMoxHO TOCMOTPETH MECATHYHOE YHCIO B JBOMYHOMU
dopme: 0000011000000000. IIpumep 6 mokazsiBaeT M-daiin
npommBku [I13Y B cucreme Matlab/Simulink. A npumep 7
OTPENAKTUPOBAHHBIA  BapHaHT  CreHEPUPOBAaHHOTO  (paiina
nporpammoit Simulink HDL Coder 8 CAITP Quartus I1.

AHanuzupys koj (mpumep 7), MOXKHO clielaTh BBIBOJ, YTO
creHepupoBaHHo cuHXpoHHOe [I3Y ¢ acuHXpOHHBIM cOpocoMm,
CUHXPOHHBIM CHUTHAJIOM pa3spelieHus TaktupoBaHus clk enable.
s OpTaHHU3aIuU MaccHBa aMsTH UCTIOJTB3YeTCS
nocjeaoBarenbublii  oneparop for ... loop, BeImONHSIOMIHIA
noBTopstomtrecs omneparopel. Onepatop for ... loop umeer nenyro
CXeMy HWTepalid, TpPH KOTOPOH  KOJHMYECTBO  ITOBTOPOB
OTIpeNeNsIeTCs MeIbIM harna3oHoM. LIk moBTopsieTcst ouH pa3
JUIT KaKIOro 3Ha4deHWs auamna3oHa. llocie Toro, kak Oyner
JOCTUTHYTO TIOCTIeHEe 3HAYCHHWE JHara3oHa WTEepaIliH, IHKI
MPOIYCKAETCS, H BBHIMOJHCHWE NPOrPaMMBI  TPOJIOJKACTCS,
HAuYWHas C OMepaTopa, CTOSIIETO BCIIE 32 IIUKIIOM.
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function rom_out = Memory(addr)
persistent data;

data = fi(zeros(1, 256), 0, 16, 0);
data(1) = fi(1036, 0, 16, 0);
data(2) = fi(1303, 0, 16, 0);
data(3) = fi(1540, 0, 16, 0);
data(4) = fi(1545, 0, 16, 0);
data(5) = fi(1358, 0, 16, 0);
data(6) = fi(1539, 0, 16, 0);
data(7) = fi(1541, 0, 16, 0);
data(8) = fi(1545, 0, 16, 0);
data(9) = fi(1542, 0, 16, 0);
data(10) = fi(523, 0, 16, 0);
data(11) = fi(263, 0, 16, 0);
data(12) = fi(1037, 0, 16, 0);
data(13) = fi(1397, 0, 16, 0);
data(14) = fi(1543, 0, 16, 0);
data(15) = fi(1539, 0, 16, 0);
data(16) = fi(1544, 0, 16, 0);
data(17) =fi(277, 0, 16, 0);
data(18) = fi(1135, 0, 16, 0);
data(19) = fi(1480, 0, 16, 0);
data(20) = fi(1542, 0, 16, 0);
data(21) = fi(1536, 0, 16, 0);
data(22) = fi(785, 0, 16, 0);
data(23) = fi(0, 0, 16, 0);
rom_out = data(addr+1);
[Tpumep 6. M-¢aiin npormmku [13Y B cucreme Matlab/Simulink

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
ENTITY rom_syn IS
PORT (
clk : IN std_logic;
clk_enable : IN std_logic;
reset : IN std_logic;
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addr : IN std_logic_vector(7 DOWNTO 0);
rom_out : OUT std_logic_vector(15 DOWNTO 0));
END rom_syn;
ARCHITECTURE a OF rom_syn IS
TYPE T_UFIX_16_256 IS ARRAY (255 DOWNTO 0) of unsigned(15
DOWNTO 0);
SIGNAL data: T_UFIX_16_256:
SIGNAL data_next : T_UFIX_16_256;
BEGIN
PROCESS (reset, clk)
-- local variables
VARIABLE b : INTEGER;
BEGIN
IF reset="1'THEN
NULL;
ELSIF clkEVENT AND clk="1'THEN
IF clk_enable="1' THEN
FOR Db IN 0 TO 255 LOOP
data(b) <= data_next(b);
END LOOP;
END IF;
END IF;
END PROCESS;
PROCESS (addr)
-- local variables
VARIABLE data_temp : T_UFIX_16 256;
BEGIN
FOR Db IN 0 TO 255 LOOP
data_temp(b) :=to_unsigned(0, 16);
END LOOP;
data_temp(0) :=to_unsigned(1036, 16);
data_temp(1) :=to_unsigned(1303, 16);
data_temp(2) :=to_unsigned(1540, 16);
data_temp(3) := to_unsigned(1545, 16);
data_temp(4) :=to_unsigned(1358, 16);
data_temp(5) := to_unsigned(1539, 16);
data_temp(6) := to_unsigned(1541, 16);
data_temp(7) :=to_unsigned(1545, 16);
data_temp(8) :=to_unsigned(1542, 16);
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data_temp(9) :=to_unsigned(523, 16);
data_temp(10) :=to_unsigned(263, 16);
data_temp(11) := to_unsigned(1037, 16);
data_temp(12) := to_unsigned(1397, 16);
data_temp(13) :=to_unsigned(1543, 16);
data_temp(14) :=to_unsigned(1539, 16);
data_temp(15) :=to_unsigned(1544, 16);
data_temp(16) := to_unsigned(277, 16);
data_temp(17) := to_unsigned(1135, 16);
data_temp(18) :=to_unsigned(1480, 16);
data_temp(19) :=to_unsigned(1542, 16);
data_temp(20) :=to_unsigned(1536, 16);
data_temp(21) :=to_unsigned(785, 16);
data_temp(22) :=to_unsigned(0, 16);
rom_out <= std_logic_vector(data_temp(to_integer(unsigned(addr))));
END PROCESS;
END a;
[Tpumep 7. @aiin npommBku cuaxponnoro [13V Ha s3pike VHDL

Crnenyer ynmomsiHyTh Npo (PyHKIMH MPeoOpa30BaHUS TUTIOB
to_integer u to_unsigned w3 makera Numeric_std, kortopsie
UCTIONIB3YIOTCSI  TIPM  TPOEKTUPOBaHWU  CcHHXpoHHOro [I3V.
Gynkius to_integer npeodpasyer tun unsigned B moxrumn natural
(BcTpoeHHbIH moATun Natural ucnonp3yroT 1t 00bEKTOB, KOTOPBIE,
HE JOJDKHBI NMPUHUMATh OTPHUIIATENbHBIC 3HAYeHHS), a (QyHKIuSA
to_unsigned mpeoOpasyer moxrum natural B tum unsigned, mpu
3TOM HEOOXOJMMO YKa3bIBaTh pa3Mep jKeJIaeMOoro CJIOBa.

Ha puc.4.25 noka3anbl U3MEHEHHS, KOTOPbIe HEOOXOIUMO
BHecT B mpoekT aiust 113V ¢ wucnonp3oBanneM M-(yHKIuu B
cucreme Matlab/Simulink (puc.4.25, a) u s cuaxponnoro [13Y B
CAIIP ITIJIMC Quartus Il (puc.4.25, 6). Ha puc.4.26 npencrasieHa
BpPEMEHHas [uarpamma paboThl Iporeccopa ¢ CHHXpOHHBIM [13Y.

[Tpoekt Mukpomporeccopa ¢ cHHXpoHHBIM [13VY, Ko s3bIKa
VHDL kotoporo 0bu1 monydeH ¢ ucnoib3zoanreM Simulink HDL
Coder, npoaeMoHCTpUpOBai pabOTOCIIOCOOHOCTh, KaK Ha CTaphbIX,
Tak 1 Ha HOBBIX cepusx [IJIUC ¢upmbr Altera, uto He ymgaBanoch
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OCYIIIECTBUTH C UCIOJIb30BaHUEM BCTPOEHHBIX MeradyHkmuii O3Y
u [13V.

O

© CmdData[15 0}

ok 1[15.0]
command oAb - rom_out[15..0]
jaddr Memary rom_put . ch_znzble

- qaset - - -
------ plr.aL -

V)
AT

ROM

a) 0)
Puc.4.25. ®parment moaenu u cxeMsl poueccopa: a — [13V ¢
ucrnosib3oBannem M-dynkuuu B cucreme Matlab/Simulink; 6 -
cumBoit cuaxponHoro [13Y B CAIIP Quartus 11

Ha puc.4.27 noxazaHa TecToBas cXxeMa IIpolLeccopa B
rpapuueckom pemakrope CAIIP ITJIMC Quartus Il (Bepcust 8) c
YIIPABIISIONIAM aBTOMAaTOM C IIMKJIOM paboTHI B 1Ba TakTa (IIpUMep
1, paznen 4.1) u cunxponnsm 113V Ha s3pike VHDL. CpaBuuBas
puc.4.26 u puc.4.28 BUAUM, YTO JBa HpOIECcCCOpa JIOTMUECKU
paboTaroT OJIMHAKOBO.

Cucrema Matlab/simulink ¢ Simulink HDL Coder moxer
ObITh D((HEKTUBHO WCIIONB30BaHA JIJII YCKOPEHMsI TIpoliecca
pa3paboTKu  MojeJe  MHKpONPOLECCOPHBIX  smep. IIpoekT
MUKporiporieccopa ¢ acuuxpoHHbiM [13Y nHa s3pike VHDL Moxer
OBITH YCTIEITHO pa3MelieH B [JINC APEX20KE
EP20K30ETC144-1, nmpu sTOoM oOOIIee YHCIIO 3aJeHCTBOBAHHBIX
pecypcoB coctaBiseT 22 %, ¢ paboueit wactoroit 10 60 MI .

Hemocratkom mporeccopa peaqn30BaHHOTO B CHCTEME
Matlab/simulink u agantuposanroro B CAIIP Quartus Il, ssisiercs
OTCYTCTBHE YIPABIISIONIETO aBTOMATA.
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Puc.4.26. BpemenHnas nuarpamma paboThl MUKPOIIPOLIECCOPHOTO sifipa ¢ CMHXpOHHBIM 13V Ha
s3pike VHDL (xon si3pika VHDL yHKIIMOHANBHBIX OJIOKOB CTEHEPUPOBAH C MTOMOIIBIO

npunoxenus Simulink HDL Coder cucremsr Matlab/Simulink)




- {proe

ok ip[r.0)
res  cmd[14..0] — - rom_out[15..0]
aff. 0] e = S - olk_enable
b[7..0] B reset
7.0 3 - ddr]7..0]

Puc.4.27. TectoBast cxeMa MUKpOIpoliecCOpHOro sifipa B rpadudeckom peaakrope CAIIP TTJINC
Quartus Il (Bepcus 8) ¢ ynpapisoLIMM aBTOMAaTOM C LIUKJIOM pa0bOTHI B JBa TakTa (mpumep 1,
pazznen 4.1) u cuaxponusiM 13V Ha s3p1ke VHDL, koA s13b1Ka KOTOPOTo CreHEpUPOBaH C
nomoinkto npunoxenus Simulink HDL Coder cucremsr Matlab/Simulink
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Puc.4.28. Bpemennas nuarpamMmma paboTbl MUKPOIIPOLIECCOPHOTO sI/ipa C YIPaBIISIOUIIM

aBTOMATOM C IIMKJIOM paloThI B J1Ba TakTa (rpumep 1, pasnen 4.1) u cuaxponsasiM [13Y Ha

s3eike VHDL



4.4. TlpoekTHpOBaHNE YUeOHOTr0 MpoLeccopa ¢ PUKCHPOBAHHOI
3ansaToii B cucreme Matlab/Simulink

B BbIIE NpHBENEHHBIX MPUMEPAX IOKAa3aHbl MPUMEPHI
NPOCKTHUPOBAHUS MHUKPOIIPOIECCOPHBIX SACP ISl pealu3alud B
O6asuce IIJIMC ¢upmer Altera, kak ¢ HCIOIb30BaHHEM
meradynakiui acuaxponnoro O3VY/I13Y CAIIP Quartus Il, Tak u ¢
WCIIOJIb30BaHUEeM (PYHKIIMOHAIBHBIX OJIoKOB Ha s3bike VHDL,
crenepupoBandbix ¢ momomipio Simulink HDL Coder cucremsr
Matlab/Simulink. OG6muM HemoCTaTKOM SBJISETCS OTCYTCTBHE
yIpaBlsitoniero aBromMata.  I[lpemiaraercss CHpOSKTHpPOBAaThH B
cucrteme Matlab/Simulink mporeccop ¢ yrnpapisroiumMm aBTOMaToM
U TO3BOJIIOUIMM TPOBOJUTH BBIYUCICHHUS C (DUKCHUPOBAHHOU
3amATOW.  BhInojHeHHWe — apudMeTHUecKUX — omepanuil  Hax
olepaHJaMH, TPEJICTaBICHHbIMU B (opMmaTe ¢ (UKCHpOBaHHOU
3aIsTOU, MO3BOJIET IMOJYy4aTh BBICOKYK) CKOPOCTHh BBIYHCIICHHIA,
HO BO3MOXHO  IEPCIOJIHEHUE  Pa3psAIHOM  CEeTKH  JIOO
3HAYUTEIBHOMN MOTPEIIHOCTH U3-3a OKPYTJICHHUS.

Ha puc.4.29 nmnokasan mnpoueccop C YHPaBISIONUM
aBTOMaTOM Ha IIeCTh COCTOSHUH M €ro oTjlajgka B CHCTEME
Matlab/Simulink ¢ wucmons3oBanmem ormagumka  (Simulink
Debugger). Tlepen  ornagkoii  HEOOXOAWUMO B MEHIO
Simulation/Configuration Parameters BwiOpath muanor Solver
(“pemrarenu”, METO/bI YUCIEHHOTO pemieHus g depeHuanIbHbIX
u muddepeHnmanbHo-areOpandeckux ypaBHeHuit). B Solver
options BeiOpath Type: Fixed-step; Solver: discrete (no continuous
state); Fixed step size (fundamental sample time) — 1.0.
OcymectBnsiercss TectupoBanue komang MOV A12; MOV B,23;
ADD AB.

IIpoekTupyeMblid MPOLECCOP COCTOUT U3  CIEAYIOLIUX
OnokoB: ympasinstomuii apromat (6moxk CPU_Controller, mpumep
1); mamsats nporpamm - 113V npoueccopa (6:10xk Memory, npumep
4); AJIY mnpoueccopa (6nok alu, mpumep 7); IByX perucTpos
obmero HasHauenusi (POH, Onoxm RegisterA, npumep 6 u
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RegisterB); peructpa cnenuanpHoro nasHaueuus (PCH, Omok
PC_Inc, mnpumep 2), HeoOXogumMoro sl  OOCCHEUYCHHS
“npbDKKOBBIX” KoMaHi, Takux kak JMP, JMPZ, CALL u RET;
cyetunka komaHj (6mok PC, mpumep 3); perucrpa HHCTPYKIIHMA
(6;mok Instruction_Reg, mpumep 5).

[Mporieccop peanuzoBan B ¢opmare ¢ (HUKCUPOBAHHOMN
3amAToM, ¢ ucmoib3oBanueM fi-oobekToB cucrembr Matlab. Bynem
UCTONB3yeM  cienyrommii  ¢opmar, Ui TpeACTaBICHUS
JECATUYHBIX YHCEI:

a=fi(v,s,w,f),

rae V — gecsatuuHoe umcio, S — 3Hak (0 (false)— mas uucen Ges
3Haka u 1 (true) — i 4mcesn co 3HAKOM), W - pa3Mep CJioBa B
ourax (uenas yacth yncia), f — qpoOHas yacTh uncia B 6urax. Bee
UCIIOJIb3YEMbIE JICCATHYHBIC YHCIIa B TIpoIleccope Oe33HAKOBBIC
(monoxwuTenbHbIe) W 1enabie. B cucreme Matlab mons3oBarens
UMEeT BO3MOXKHOCTh ONPEACIUTh Oe33HaKkoBbie (Hampumep, Uints,
uint16) u 3HaKoBbIC Iiesble Yncia (Sint), ¢ MOMOIIBIO BHYTPEHHHUX
dbopmaros.

[Ipy TpPOEKTUPOBAHUU TPOLECCOPOB C (DUKCHUPOBAHHOM
3armsITod HEOOXOAUMO YYUTHIBATH CIEAYIONINe (haKTOPhI: TUana3oH
JUISL  pe3yNbTaTOB  BBIYHCIEHUH; TpeOyeMyl0  MOTPEIIHOCTh
pe3ynbpTaTa; OIIMOKH, CBS3aHHBIE C KBAHTOBAHUEM; AITOPUTM
peanu3ainuy BHIYUCICHUH U JIp.

DTO CBSI3aHO C TEM, UTO JECITHUYHOE YHCIO V
IPEJCTABIIETCS ¢ MCIONb30BaHueM (opmynsl: V =27" xQ, rue

M—uinHa OpoOHOM dYacTW umcna; Uil Oe33HAKOBBIX YHCEI
n-1

Q= ZWi x 2", W, —BecoBbie K03 dummenTsl, 2' —Beca IBOMYHBIX
i=0

pa3psiIOB MAIIMHHOTO CJIOBA, N — [UIMHA JBOMYHOTO CJIOBA B OUTaX.

Jnama3on  meiaoro  0€33HAKOBOTO  YHCIA  ONPEAENACTCS

Beipakerrem: 0<V <2"—1.
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Puc.4.29. Mozaens mporieccopa C yrpasisironM aBromaroM B cucreme Matlab/Simulink.
TectupoBanne komang MOV A,12; MOV B,23; ADD A,B



OTO MOXKHO OCYILECTBUTH C HCIOJIBb30BAHUE CJIEAYIOIIETO
dbopmara:
a =fi(v, s, w, f, fimath).
% HDL specific fimath
hdl_fm = fimath(...
'RoundMode’, 'floor’,...
'‘OverflowMode', ‘wrap',...
'ProductMode’, 'FullPrecision’, 'ProductWordLength’, 32,...
'SumMode', 'FullPrecision’, 'SumWordLength', 32,...
'CastBeforeSum’, true);

JlanHple  HACTPOIKM  BbIUMCICHHH B  dopmMate C
(bUKCHpOBaHHON 3amsaToil mpuHATEL B cucreme Simulink 1o
yMoJuaHuio. MOKHO 3amaTh pexuMm okpyrieHus (Roundmode) —
‘floor’ — okpyrieHue BHH3; pEaKIMIO Ha MEPEHOTHEHHE
(OverflowMode) — ‘wrap’ — mepeHoC, IIpH BLIXOJE 3HAYCHHS V U3
JOMYCTUMOIO  JAMana3oHa, ‘JTUIIHUE CTapliue  pa3psisl
urHopupytoTcs. [Ipu  BbIIONHEHUH  oOmepanuil  yMHOXEHUS
(‘ProductMode’) u cnoxkenuss (SumMode), s MOBBIMIEHUS
TOYHOCTH  BBIYMCJICHUE (Precision) HCmonb3yeTcs MalluHHOE
CJIOBO MIMPHHOMH B 32 6uTa.

Ins 6noxoB POH, B kadecTBe mpuMmepa, HUCHOIb3YyeM
dopmat a = fi(v, s, w, f, fimath). Moxuo Taxxe 100aBUTH ydeT
BBIIIIE MPUBEJACHHBIX (akTOpoB M B apyrue M-daiinsl QyHKimii
0JIOKOB Tpolieccopa. DTO MO3BOJMUT ‘‘yNpaBlsiTh’ BCTPOEHHBIM
reHeparopom kozaa si3bika HDL (Simulink HDL Coder). Ecau
ATOTO HE CJeNaTh, TO HEOOXOAUMO C HCTOIH30BAHUEM MPOBOIHUKA
MOJIETIM  OCYIIECTBUTh HACTPOWKH OJIOKOB TIpolieccopa Jiis
BBIYHCIICHU B popmaTe ¢ pukcupoBanHoH 3amsroi (puc.4.30).

[Tporieccop uMmeeT pacmpeneneHHoe ynpasieHue. B 6mokax
alu, RegisterA, RegisterB, PC_Inc u PC, umeeTcst CBOM JTOKaIbHBII
yhpasistonuii  curaan  func, npemmdpanms KoTOporo BHYTpH
0JI0KOB OyleT MPUBOAMUTH K BBHIMOJIHEHHIO HEKOTOPBIX OIepaluii,
HanpuMep, K U3MEHEHHIO BHYTPEHHETO COJIEPKUMOTO OJIOKa WIIH,
HA000POT, K €r0 COXPaHEHHUIO.
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E Embedded MATLAB Function: CPU Controller

E Mame:
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-6 Configuration [bctive) [i41] PC_inc_func Dutput
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- % idvice for proc_2stagefi_vema [17] adir_inc Dutput
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|+ | Sample Time: 1
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FIMATH for fized-point input signals:

fimath],

‘Roundiode’, floor'..

‘Overflowh ode', 'wiap'....

"Productade’, FullPrecision’, 'Productw/ordLength’, 32....
‘SumMode’, FullPrecision’, SumiwordLength’, 32....
"CagtBeforeSum’, tug)

Treat these inherited signal types as fi objects: Fixed-point E

Diescription:

Document Link,

[ 0K “ Cancel ” Help ] Apply

Puc.4.30. Hactpoiika 6;10Kk0B MOJIEH ITpOLIECCOpa C MMOMOIIBIO TPOBOIHUKA MOJIETH JUIs
BBIUUCIIEHUH B hopMaTe ¢ PUKCUPOBAHHOM 3amAToM




Hanmpumep, B 6ioke AJIY nokanpHbiii curaan func 4 — x
pa3psAaHbId, necsaTuyHble uucia ¢ 0 Mo 8 KOAMPYIOT JIOTHKO-
apudMeTHYECKHe olepanuu mporeccopa, Takue kak ADD A,B;
SUB AB; AND AB; OR AB; XOR A,B u DEC u xomanusl
nepecelikn, Takue kak MOV AB; MOV B,A; XCHG AB. B
omokax PC_Inc, PC wu Instruction_Reg curman func 2 - x
pas3psaHbIi, a B 010kax RegisterA u RegisterB 3 — x pa3psaHbIii.

[Tpumep 1 mokaswsiBaeT M-daitn GyHKIIUN yIpaBIIsSIOMIEro
aBTOMaTa MHKpormporeccopa B cucteme Matlab/Simulink (6:0k
CPU_Controller). Vnpapnstomuii aBToMar MOXET MPUHUMATL 6
cocrossHuii. CoctosiHua konupytorcs curHaimom CPU_state B
dopmate UINt8 (riesmoe aecATHUHOE YKCIO Oe3 3HaKa ¢ pa3MepoM
cnoBa 8 6uT). Ilo curnamy master_rst (morudeckast 1), mpoucXoauT
yCTaHOBKa aBToMaTa B HyleBoe coctosiHue CPU_state = uint8(0).
Jlanee TpOMCXOTUT HACTPOMKa OJIOKOB MpOIleccopa € MOMOIIBIO
JIOKAJIbHBIX YIPaBJISIoNMX curuanos func.

PC _inc_func = fi(0, 0, 2, 0);
IR_func =fi(3, 0, 2, 0);
PC_func =fi(3, 0, 2, 0);
IM_read =fi(0, 0, 1, 0);
addr_inc = fi(0, 0, 8, 0);
Reg_OutA =fi(0, 0, 8, 0);
Reg_OutB =fi(0, 0, 8, 0);
RegA _func =fi(4, 0, 3, 0);
RegB_func =fi(4, 0, 3, 0);
ALU_func =fi(9, 0, 4, 0);

VYopapnsoomuid  aBTomMaT  (GOpMHpPYEeT Ha  BBIXOE
PC_inc_func pgecATWuHBII HONB, IO KOTOPOMY BHYTpPCHHEE
conepxkumoe 6oka PCH Oynet cOporeHo (pacmo3Haercs OJI0KOM
Kak curHai copoca), Ha Beixogax PC_func u IR_func popmupyercs
JECATUYHOE YHUCIO 3, MO0 KOTOPOMY TEKYIIee COIEepKUMOe
CUYeTYMKA KOMaH/I U PETUCTPa UHCTPYKIIUI OCTACTCSI HEU3MEHHBIM.

Ha Beixomax RegA_func u RegB_func d¢opmupyercs
JECATUYHOE YHUCIO 4, 10 KOTOPOMY TEKYIIee COJepKUMOe
peructpoB obmero HasHadenus POH A u B, takxke ocraercs
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nemsmenubiM. Ha Beixome ALU_func dopmupyercs mecstuunoe
qucino 9, mo koropomy B 6ioke AJIY mpousoiger 00xoa JIOTHKO-
apuMeTHUYeCKUX oIepanuii U KOMaHJ IMEpEeCchUIKU, a 3HaYeHUe
CHUTHAJIOB Ha Bxojax INA u inB OyayT mepenansl Ha BBIXOI OULA u
outB Ge3 n3MeHeHuH.
outA = fi(inA, 0, 8, 0);
outB = fi(inB, 0, 8, 0);

Ha Beixomax IM_read, addr_inc, Reg_OutA, Reg_ OutB
aBTOMaT (popmupyer aecsituunbie Hyau. Homb Ha Beixoge IM_read
sanpemaer yteHue u3 II3Y mporpamm. A gecsatuuHble HyIH Ha
Beixoaax addr_inc, Reg_OutA u Reg_OutB o3nauaror oOHy/ICHHE
9TUX BBIXOJIOB.

B nyneBom cocrosiHum (case 0) ocymiecTBisieTcs 3arpy3Kka B
POH (6moku RegisterA, RegisterB), 8 PCH (6mox PC_Inc) u B
cuetTynk koMmaHa (O6mok PC) Hyns (AecaTUYHBIA  HYIb
npeobpasyercst B popMaTr ¢ GUKCUPOBAHHOMN 3aISITON C pa3MepoM
cmoBa 8 6uT), a B peructp uHcTpykimid (Instruction_Reg) takxe
3arpyaercs JeCATUYHBIA HOJb, HO OH IIpeoOpasyercs B Gopmat ¢
¢uKcupoBaHHOM 3amsTOl ¢ pasmepoMm cioBa 16 Out. OTH
OTepaIuy OCYIIECTBISIFOTCS C TMOMOIIBI0 JIOKAJIBHBIX CHUTHAJIOB
ympasienuss PC_inc_func, PC_func, IR _func, RegA_func,
RegB_func:

case 0,
PC _inc_func = fi(0, 0, 2, 0);
PC_func =fi(0, 0, 2, 0);
IR_func = fi(0, 0, 2, 0);
RegA_func =fi(0, 0, 3, 0);
RegB_func =fi(0, 0, 3, 0);
CPU_state = uint8(1);

Crnenytomum coctosiuueM apromata Oyner CPU_state =
uint8(1). B aTom cocTosiHMM U B JABYX MOCIEAYIOIIUX COCTOSTHUSX
uint8(2) m uint8(3) mpoMCXOMUT BBIJEICHUE TOJCH KOMaHIbl. B
cocrosHuu |  ympaBnsomuid  aBToMaT  (GOPMHUPYET  CHTaj
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pasperenus ureHus Komanasl u3 nmamsata IM_read = fi(1, 0, 1, 0).
[TockonbKy TOpPSIKOBBIE HOMEpa CTPOK B TAMATH MPOTrpaMM
HaunHaroTcs ¢ 1, mampumep, data(l) = fi(1036, 0, 16, 0), To
CYETYMK KOMAaH]| MPEIBAPUTEIILHO JOJDKEH OBITh OOHYJIEH, T.C.
HYJICBOE 3HAYCHHME CUETYMKa YKa3blBaeT Ha cTpoky B [I3Y ¢
MOPSIIKOBBIM HOMEPOM 1.

Jus  TOoro 49ToOBl CUSTYUK KOMAHJ COJEpXall ajapec
CIICAYIOIIeH  KOMaHbI, VYIPABISIONIMA  aBTOMAaT  JIOJDKCH
cOPMHUPOBATh JIOKAIBHBIM CHTHAJ YIPABJICHUS CYCTIYHKOM
PC func = fi(2, 0, 2, 0), T.e. na Beixome PC_func momxno
NPUCYTCTBOBaTh JCCATUYHOEC YUCIO 2, MO KOTOPOMY TEKYyIIee
3HAYCHUE CueTurKa yBenuuutcs Ha 1. [loaTomy 3Ta cTpoka cTOUT
BTOpOW B omepatope Case 1. U3BiedeHHyro KomaHay (B
NEPBOHAYAILHBII MOMEHT W B IOCIEAYIOIIUE, B PETHCTPE
WHCTPYKIUH COXPAHSIFOTCS TEKYIIME KOMaHJbI, a HE CJCIYIONIHE,
3arpy)xeHnble B cueTuuk mo komanae PC_func = fi(2, 0, 2, 0)) u3
naMsITH TPOTPaMM B ATOM COCTOSHHMHM HEOOXOJMMO COXPAHHUTH B
peructpe uHCTpyKimid (16-OutHbI peructp). [losTomy aBTOMaT
copmupyet nokanbHbI curnan ynpasinenus IR_func = fi(1, 0, 2,
0), paspemraronuii 3amuch KoMaHabl B peructp. Creayrommm
COCTOSIHUEM, KOTOpPO€ TMPHUMET aBTOMAaT, OYAET COCTOSIHHE
CPU_state = uint8(2).

case 1,
% Read from IM (ROM)
IM_read =fi(1, 0, 1, 0);
% PC increment PC+1
PC_func = fi(2, 0, 2, 0);
% store into IR
IR_func = fi(1, 0, 2, 0);
CPU_state = uint8(2);

Paccmotpum  cocrostHue 3 (Case 3)  yHpaBIISIOIIETO
aBTOMAaTa MPOEKTUPYEMOro mporeccopa. st Toro, 4to ObI HOHATH
Kak pabortaer ¢opmar ¢ (UKCUPOBAHHON 3amsToi, HEOOXOIUMO
MOCJIEIOBATENIbHO ~ KOMUPOBAaTh HUXKE IPHUBEICHHBIE CTPOKU
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dbparmenta M-daiina W BCTaBIATP WX B KOMaHIHYIO CTPOKY
cuctembl Matlab.

Hanpumep, paccMoTpuM, kak oOpabaTbiBacTCsl KOMaH/a
1536 (RET). U3 perucrpa HHCTPYKIHH Iejg0e Oe33HAKOBOE
necsaTuaHoe uncio 1536 (pa3mep cimoBa 16 OMT) MoCTymaeT Ha BXOJ
IR_in ympasnsromero asromara CPU Controller u nmprucBanBaetcs
nepeMeHHOo# main_opcode, kotopas npeacTaBiser 16 — Ti OUTHYIO
UHCTPYKIUIO. M3 95TOM WHCTPYKIUU BBIACIACTCS IMepeMeHHas
major_opcode myreMm caBura 16 — TH OUTHOrO BEKTOpa BIIPaBo Ha 8
MO3UIMH, ¢ pasMepoM cioBa B 4 OWTa, TakuM 0Opa3oM MbI
BbIIeNsieM, OuThl ¢ 9 mo 12 u3 16 — Tu paspanHoil uHCTpyKIuu. B
paccmMaTpuBaeMoOi cuctemMe KomaHj pa3psaasl ¢ 13 no 16 Hynessble,
O3TOMY  BBIZICJICHHE  IIepeMEHHOM  Mminor_opcode  myrem
nobutHoro M mepemenHoii major_opcode (4 paspsiia) U Macku
(mepemennast mask4, 4 paspsiia) B IpUHIIKIIE HE 00s3aTE/IbHO, HO
HEe 00XOIMMO B Ciydae MOcCHeayromeil MoauduKamul CUCTEMbI
KoMaHj mnporeccopa. Jlns BbmeneHus omnepanna (mepeMeHHas
address_data) u3 mHCTpyKIMH noTpedyeTcst Macka B 16 pa3psiios.
[ToobutHoe W ¢ mepemennoit IR_IN u ¢ mackoii mask8
(0000000011111111)  mo3BONSIET  BBIACIHUTH  IEPEMECHHYIO
address_data ¢ pasmepom cioBa 8 Out. [nst xomanael 1536
nepemennas address_data sto 8 nyseii. CiieayonM COCTOSHHEM
KOTOpOE TpUMeT aBToMat OymeT coctossuue CPU_state = uint8(4).

IR_in=fi(1536,0,16,0);

main_opcode = fi(IR_in, 0, 16, 0);
disp(bin(main_opcode))
%0000011000000000

% CnBur BeKTOpa B IIpaBo Ha & MO3ULUN
major_opcode= fi(bitsrl(main_opcode, 8), 0, 4, 0);
disp(bin(major_opcode))

%0110

mask4 = fi(15, 0, 4, 0);

disp(bin(mask4))

%1111
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% Brinenenne koMaHApl, IIUPUHA OIS 4 OuTa
minor_opcode = fi(bitand(major_opcode, mask4), 0, 4, 0);
disp(bin(minor_opcode))

%0110

% Brimenenue n3 KOMaHIBI ONIEpaHIa

mask8 = fi(255, 0, 16, 0);

disp(bin(mask8))

% 0000000011111111

address_data = fi(bitand(main_opcode, mask8), 0, 8, 0);

B cocrosnun 4 (case 4) mpouMCXOAMT AEKOAMPOBAHUE H
BBINIOJIHEHUE HUHCTPYKIMU (Case 4). JlekomaupoBaHHE MPOUCXOIMUT
no curraixy minor_opcode (paktuyecku 9, 10 u 11 6uthl curnana
IR_in, 12 6ur He wucmoiab3yercs, T.K. OH HyjeBoi). [lamee,
nexoaupytorea 6 komana: NOP, JMP, IMPZ, CAL, MOV A, XX,
MOV B,XX. Paccmorpum xomanny JMP. Beinenennslii onepann
address_data u3 uHCTpYKIIUU COACPKUT aapec komanel B [13Y Ha
KOTOpBIA ~ HeoOxomumo  mepeith. OmepaHn — IpHCBacBaeTCs
nepemenHoi addr_inc. ABtomar (GopMHpyeT JOKalIbHbIE CHTHAJBI
ymnpasienuss PCH - PC_inc_func (mecsatuunoe uucio 1) wu
cuetunka komana - PC_func (mecstuunoe wmcio 1). anee
BBIJICTICHHBIA oOmepaH]] (COACPXKHUT aJpec KOMAaHIbl Ha KOTOPBI
HeoOxonuMo mepeiitu) Oyner 3arpyxeH B PCH u B cueTruuk
komana. Ilpu 3arpy3ku omepanma B PCH, comepxumoe cueTunka
KOMaHJ MpU STOM COXpaHSETCs BO BHYTPEHHEH MEpEeMEHHOM
PC_Temp nanHoro perucrpa (npumep 2).

case 4,
switch(uint8(minor_opcode))
case 0,
% NOP
CPU_state = uint8(1);
case 1,
% JMP
temp_addr_data = fi(address_data, 0O, 8, 0);
addr_inc = fi(temp_addr_data, 0, 8, 0);
PC_inc_func =fi(1, 0, 2, 0);
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PC_func =fi(1, 0, 2, 0);
CPU_state = uint8(1);

case 6,
switch(uint8(address_data))
case 0,
%RET
PC_inc_func =fi(2, 0, 2, 0);
PC func =fi(2, 0, 2, 0);
CPU_state = uint8(5);

Eciu HU OfHA MX 3THX KOMAaH]I HE BBINOJHSACTCS, TO Jajee
nemudpupyrorcss U orpabarteiBaroTcss komanaa RET, noruxo-
apupmernueckne komauasl (ADD A,B, OR A,B, XOR A,B, DEC
A) u komanasl nepeceuika (MOV A,B, MOV B,A, XCHG AB,).
[TocmeHMM COCTOSIHUEM SIBIISICTCS COCTOsIHME Case 5. B arom
coctosiHuu oOHOBisITOTCS peructpel POH A u B, 3atem Oyner
OCYILIETBIIEH Tepexo] B coctosiHue 1. I Bech OMHMCAaHHBIN BBIIIE
nporecc o0pabOTKM KOMaHIbl MOBTOPUTCS BHOBH M TO T€X TOp,
noka He OyJeT oTpaboTaHa MOCTEeAHSsI KOMaHa B IPOTrpamMme.
function [ALU_func, IR_func, PC_inc_func, PC_func, ...

addr_inc, IM_read, RegA_func, RegB_func, ...
Reg_OutA, Reg_OutB] = CPU_Controller(master_rst, IR_in, Reg_A)

% CPU Controller
% 16-bit Instruction Encoding:

% ----mmnmmem- minor_opcode---------

% NOP: 00000 000 <00000000>
% JMP: 00000 001 <8-hit>

% JMPZ: 00000 010 <8-bit>

% CALL: 00000 011 <8-hit>

% MOV A,xx: 00000 100 <8-bit>
% MOV B,xx: 00000 101 <8-hit>
%
% RET: 00000 110 <00000000>
% MOV A,B: 00000 110 <00000001>
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% MOV B,A: 00000 110 <00000010>
% XCHG A,B: 00000 110 <00000011>
% ADD A,B: 00000 110 <00000100>
% SUBA,B: 00000 110 <00000101>
% AND A,B: 00000 110 <00000110>
% ORAB: 00000110 <00000111>
% XORA,B: 00000 110 <00001000>
% DECA: 00000 110 <00001001>

persistent CPU_state;
if(isempty(CPU_state))

CPU_state = uint8(0);
end

if(master_rst)
CPU_state = uint8(0);
end

PC _inc_func = fi(0, 0, 2, 0);
IR_func =fi(3, 0, 2, 0); % NOP
PC_func =fi(3, 0, 2, 0); % NOP
IM_read =fi(0, 0, 1, 0);

addr_inc = fi(0, 0, 8, 0);
Reg_OutA =fi(0, 0, 8, 0);
Reg_OutB =fi(0, 0, 8, 0);
RegA_func =fi(4, 0, 3, 0); % NOP
RegB_func =fi(4, 0, 3, 0); % NOP
ALU_func =fi(9, 0, 4, 0); % NOP

% main_code: <16..1>
% major_opcode: <16..9>
% minor_opcode: <12..9>
% address_data: <8..1>

persistent main_opcode;
persistent major_opcode;
persistent minor_opcode;
persistent address_data;
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if(isempty(major_opcode))
main_opcode = fi(0, 0, 16, 0);
major_opcode = fi(0, 0, 4, 0);
minor_opcode =fi(0, 0, 4, 0);
address_data = fi(0, 0, 8, 0);
end
switch(CPU_state)
%6%%%%%% %% %% %%%% %% % % %% %% %% % % %% %% %% %%
% RESETTING OUTPUTS
%%%%%% %% %% %% %% %% %% % %% %% %% %% %% %% %% %%
case 0,
PC_inc_func = fi(0, 0, 2, 0);
PC_func =fi(0, 0, 2, 0);
IR_func =fi(0, 0, 2, 0);
RegA_func =fi(0, 0, 3, 0);
RegB_func =fi(0, 0, 3, 0);
CPU_state = uint8(1);
%9%6%%%%% %% % %% %% %% %% % %% %% %% %% % %% %% %% %
% FETCH
%9%6%%%%% %% %% %%%% %% %% %% %% %% % % %% %% %% %%
case 1,
% Read from IM (ROM)
IM_read =fi(1, 0, 1, 0);
% PC increment PC+1
PC_func =fi(2, 0, 2, 0);
% store into IR
IR_func =fi(1, 0, 2, 0);
CPU_state = uint8(2);
case 2,
% Read from IR
IR_func =fi(2, 0, 2, 0);
% Accommodating for the 'unit delay' from IR_out to IR_in
CPU_state = uint8(3);
case 3,
% IR_in <16..1>
main_opcode = fi(IR_in, 0, 16, 0);
% IR_in <16..9>
major_opcode = fi(bitsrl(main_opcode, 8), 0, 4, 0);
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% for instructions NOP,JMP,JMPZ,CALL,MOV A xx MOV
B,xx,RET
% IR_in <12..9>
mask4 = fi(15, 0, 4, 0);
minor_opcode = fi(bitand(major_opcode, mask4), 0, 4, 0);
% IR_in <8..1>
mask8 = fi(255, 0, 16, 0);
address_data = fi(bitand(main_opcode, mask8), 0, 8, 0);
% Go to the decode stage
CPU_state = uint8(4);
%%%%%% %% %% %% %% %% %% % %% %% %% %% % % %% %% %%
% DECODE AND EXECUTE
%%%%%% %% %% %% %% %% %% % %% %% %% % % %% %% %% %%
case 4,
switch(uint8(minor_opcode))
case 0,
% NOP
CPU_state = uint8(1);
case 1,
% JMP
temp_addr_data = fi(address_data, 0, 8, 0);
addr_inc = fi(temp_addr_data, 0, 8, 0);
PC _inc_func =fi(1, 0, 2, 0);
PC_func =fi(1, 0, 2, 0);
CPU_state = uint8(1);
case 2,
%JMPZ
temp_addr_data = fi(address_data, 0, 8, 0);
if fi(Reg_A,0,8,0) == fi(0,0,8,0)
addr_inc = fi(temp_addr_data, 0, 8, 0);
PC_inc_func =fi(1, 0, 2, 0);
PC_func =fi(1, 0, 2, 0);
end
CPU_state = uint8(1);
case 3,
% CALL
temp_addr_data = fi(address_data, 0O, 8, 0);
addr_inc = fi(temp_addr_data, 0, 8, 0);
PC_inc_func =fi(1, 0, 2, 0);
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PC_func =fi(1, 0, 2, 0);
CPU_state = uint8(1);
case 4,
%MOV A,xx
temp_addr_data = fi(address_data, 0, 8, 0);
Reg_OutA = fi(temp_addr_data, 0, 8, 0);
RegA _func =fi(1, 0, 3, 0);
CPU_state = uint8(1);
case 5,
%MOV B,xx
temp_addr_data = fi(address_data, 0, 8, 0);
Reg_OutB = fi(temp_addr_data, 0, 8, 0);
RegB_func =fi(1, 0, 3, 0);
CPU_state = uint8(1);
case 6,
switch(uint8(address_data))
case 0,
%RET
PC inc_func =fi(2, 0, 2, 0);
PC_func =fi(2, 0, 2, 0);
CPU_state = uint8(5);
case 1,
%MOV AB
ALU_func = fi(0, 0, 4, 0);
RegA _func =fi(2, 0, 3, 0);
RegB_func =fi(2, 0, 3, 0);
CPU_state = uint8(5);
case 2,
%MOV B,A
ALU_func =fi(1, 0, 4, 0);
RegA_func =fi(2, 0, 3, 0);
RegB_func =fi(2, 0, 3, 0);
CPU_state = uint8(5);
case 3,
%XCHG AB
ALU_func =fi(2, 0, 4, 0);
RegA func =fi(2, 0, 3, 0);
RegB_func =fi(2, 0, 3, 0);
CPU_state = uint8(5);
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case 4,
%ADD A,B
ALU_func =fi(3, 0, 4, 0);
RegA_func =fi(2, 0, 3, 0);
RegB_func =fi(2, 0, 3, 0);
CPU_state = uint8(5);
case 5,
%SUB A,B
ALU_func =fi(4, 0, 4, 0);
RegA_func =fi(2, 0, 3, 0);
RegB_func =fi(2, 0, 3, 0);
CPU_state = uint8(5);
case 6,
%AND A,B
ALU_func =fi(5, 0, 4, 0);
RegA_func =fi(2, 0, 3, 0);
RegB_func =fi(2, 0, 3, 0);
CPU_state = uint8(5);
case 7,
%0OR A,B
ALU_func = fi(6, 0, 4, 0);
RegA_func =fi(2, 0, 3, 0);
RegB_func =fi(2, 0, 3, 0);
CPU_state = uint8(5);
case 8,
%XOR A,B
ALU_ func =fi(7, 0, 4, 0);
RegA_func =fi(2, 0, 3, 0);
RegB_func =fi(2, 0, 3, 0);
CPU_state = uint8(5);
case 9,
%DEC A
ALU_func =fi(8, 0, 4, 0);
RegA_func =fi(2, 0, 3, 0);
CPU_state = uint8(5);
end

RegA_func = fi(2, 0, 3, 0);
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RegB_func =fi(2, 0, 3, 0);

CPU_state = uint8(1);
end
I[Ipumep 1. M-daiin  QyHKIUKM  yOpaBISIIONIETO  aBTOMAara
mukponporeccopa (CPU_Controller) B cucreme Matlab/Simulink

function [PC_next,Temp] = PC_Inc(func, addr, PC_curr)

% func = 0 =>reset PC_Inc
% func = 1 => store into PC_Inc when JMP, JIMPZ, CALL
% func = 2 => load from PC_Inc when RET

persistent PC_Temp;
if(isempty(PC_Temp))
PC_Temp =fi(0, 0, 8, 0);
end
PC_next = fi(PC_curr, 0, 8, 0);
Temp =fi(0, 0, 8, 0);
switch(uint8(func))
case 0,
% reset PC_Inc
PC_next =fi(0, 0, 8, 0);
case 1,

% store into PC_Inc when JMP, JMPZ, CALL
PC_next = fi(addr, 0, 8, 0);
PC_Temp =fi(PC_curr, 0, 8, 0);
Temp = fi(PC_Temp, 0, 8, 0);

case 2,
% load from PC_Inc when RET
PC_next = fi(PC_Temp, 0, 8, 0);
end
[Tpumep 2. M-daiitn GyHkuuu OJ0Ka CHENHATBLHOTO HA3HAYCHUS
(PC_Inc) B cucreme Matlab/Simulink

function addr_out = PC(func, addr_in)

% Program Counter
% func = 0 => reset PC
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% func =1 =>load PC
% func = 2 => increment PC

persistent PC_value;
if(isempty(PC_value))
PC_value =fi(0, 0, 8, 0);
end
addr_out = fi(PC_value, 0, 8, 0);
switch(uint8(func))
case 0,
% reset
PC_value =fi(0, 0, 8, 0);
case 1,
% store into PC
PC_value = fi(addr_in, 0, 8, 0);
case 2,
% increment PC
PC_value = fi(PC_value + 1, 0, 8, 0);
end
[Tpumep 3. M-daiin ¢pynkuuu Onoka cuerunka komann (PC) B
cucreme Matlab/Simulink

function instr_out = Memory(addr,read)
persistent data;

if(isempty(data))

data = fi(zeros(1, 256), 0, 16, 0);
end

data(1) = fi(1036, 0, 16, 0);
data(2) = fi(1303, 0, 16, 0);
data(3) = fi(1540, 0, 16, 0);
data(4) = fi(1545, 0, 16, 0);
data(5) = fi(1358, 0, 16, 0);
data(6) = fi(1539, 0, 16, 0);
data(7) = fi(1541, 0, 16, 0);
data(8) = fi(1545, 0, 16, 0);
data(9) = fi(1542, 0, 16, 0);
data(10) = fi(523, 0, 16, 0);
data(11) = fi(263, 0, 16, 0);
data(12) = fi(1037, 0, 16, 0);
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data(13) = fi(1397, 0, 16, 0);
data(14) = fi(1543, 0, 16, 0);
data(15) = fi(1539, 0, 16, 0);
data(16) = fi(1544, 0, 16, 0);
data(17) =fi(277, 0, 16, 0);
data(18) = fi(1135, 0, 16, 0);
data(19) = fi(1480, 0, 16, 0);
data(20) = fi(1542, 0, 16, 0);
data(21) = fi(1536, 0, 16, 0);
data(22) = fi(785, 0, 16, 0);
data(23) = fi(0, 0, 16, 0);
if(read == 1)

instr_out = data(addr+1);
else

instr_out = fi(0, 0, 16, 0);
end
[Tpumep 4. M-daiin ¢pyukiun 610ka namstu nporpamm (Memory)
B cucreme Matlab/Simulink

function IR_out = Instruction_Reg(func, IR_in)
% A 16-bit Instruction Register with the following func:
% func == 0 => reset
% func == 1 => store into IR
% func == 2 => read from IR
% otherwise, preserve old value and return 0
persistent IR_value;
if(isempty(IR_value))
IR_value =fi(0, 0, 16, 0);
end
IR_out = fi(0, 0, 16, 0);
switch(uint8(func))
case 0,
% reset
IR_value =fi(0, 0, 16, 0);
case 1,
% store into IR
IR_value =fi(IR_in, 0, 16, 0);
case 2,
% read IR
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IR_out = fi(IR_value, 0, 16, 0);
end
[MIpumep 5. M-¢aiin ¢yHkuum Om0Ka perucTpa WHCTPYKIUN
(Instruction_Reg) B cucreme Matlab/Simulink

function Reg_out_A = RegisterA(func, Reg_in_A 1, Reg_in_A 2)
% func == 0 => reset;
% func == 1 => store into RegisterA from port 1;
% func == 2 => store into RegisterA from port 2;
% func == 3 =>read from RegisterA,;
% HDL specific fimath
hdl_fm = fimath(...
'RoundMode’, ‘floor',...
'‘OverflowMode', ‘wrap',...
'ProductMode’, 'FullPrecision’, 'ProductWordLength’, 32,...
'SumMode', 'FullPrecision’, 'SumWordLength', 32,...
'CastBeforeSum’, true);
persistent Reg_value;
if(isempty(Reg_value))
Reg_value =fi(0, 0, 8, 0, hdl_fm);
end
Reg_out_A =fi(Reg_value, 0, 8, 0, hdl_fm);
switch(uint8(func))
case 0,
% reset
Reg_value =fi(0, 0, 8, 0, hdl_fm);
case 1,
% store into Reg_A from port 1
Reg_value = Reg_in_A _1;
case 2,
% store into Reg_A from port 2
Reg_value = Reg_in_A_2;
case 3,
% read Reg_A
Reg_out_A = Reg_value;
end
[Tpumep 6. M-daiin ¢pynkumu 610Ka perucTpa oo1ero Ha3HaYeHUs
A (RegisterA) B cucreme Matlab/Simulink
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function [outA, outB] = alu(func,inA,inB)
% This 8-bit ALU supports the following operations:
% MOV, XCHG, ADD, SUB, AND, OR, XOR, DEC
% func = 0=>MOV AB
% func =1 => MOV B,A
% func =2 => XCHG A,B
% func=3=>ADD AB
% func =4 =>SUB A,B
% func=5=>AND AB
% func=6=>0RAB
% func =7 => XOR A,B
% func=8=>DEC A
% Simply pass the inA, when there is no designated func
outA = fi(inA, 0, 8, 0);
% Simply pass the inB, when there is no designated func
outB =fi(inB, 0, 8, 0);
switch (uint8(func))
case 0, %MOV A,B
outA =fi(inB, 0, 8, 0);
case 1, %MOV B,A
outB = fi(inA, 0, 8, 0);
case 2, %XCHG A,B
X_temp =fi(inB, 0, 8, 0);
outB = fi(inA, 0, 8, 0);
outA = fi(X_temp, 0, 8, 0);
case 3, %ADD AB
outA = fi(inA +inB, 0, 8, 0);
case 4, %SUB A,B
outA =fi(inA - inB, 0, 8, 0);
case 5, %AND A,B
outA = fi(bitand(inA,inB), 0, 8, 0);
case 6, %0OR A,B
outA = fi(bitor(inA,inB), 0, 8, 0);
case 7, %XOR A,B
outA = fi(bitxor(inA,inB), 0, 8, 0);
case 8, %DEC A
outA =fi(inA-1,0, 8, 0);
end
[lpumep 7. M-daitn  Qynkmun Onoka AJIY B cucreme
Matlab/Simulink
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Ha pwuc.4.31 moka3aHbl BpeMEHHBIC TUArpaMMmbl PabOThI
nporieccopa € YIOPAaBISIONIAM ~ aBTOMaTOM B CHCTEME
Matlab/Simulink. TTo ocu y oTkIaabIBarOTCs Ie/ble OE€33HAKOBBIC
NeCATUYHbIE 4ncia (KOTOpble MpeoOpa3yloTcsi B Ipoliecce
BBIYUCIICHUH B (hopMaT ¢ (PUKCHPOBAHHOW 3aIAATOM), a IO OCU X
BpPEMsI MOJICIIMPOBAHHUSL.

Ha puc.4.31, a, BuAHO, YTO 3HAYCHUS HAKOIUICHHBIC
CYETYMKOM KOMAaHJl HEMPEPHIBHO YBEIMYHBAKOTCSI M TOJBKO B
cinydae komanapl JMP 7 (komaHga BBIMOJHSAETCS B Mporpamme 3
pasa), CUeTYMK M3MCHSET CBOC 3HAuCHHE, HA 3HAYCHUE OIEpaH/a,
cojaepxarieecss B komanzae, T.e. Ha 7. Ha puc.4.31, 6 mokazaHo
conepxkumoe Onoka PCH, nHa puc.4.31, B — comepxumoe mamsiTi
nporpamm; Ha puc.4.31, r — cogepxumoe POH A.

B cucreme Matlab/Simulink paspa6oTan yueOHBIN BapuaHT
8-MH  pa3psAOHOrO  TMpOIEccopa, IMO3BOJISIONIETO  MPOBOJIUTH
BBIUUCIICHUsI B ¢opmare ¢ (PUKCUPOBAHHOW 3amlsToOd, C
YIIPABIISIONIMM aBTOMAaTOM Ha MIECTh cocTosiHUM. [IpenmymiectBom
TaKON apXHUTEKTYpHI SIBISETCS €€ aJalTUBHOCTh K MOCIEAYIOUIIM
Mo u(UKaIIAM, HAIPUMED, B CIIydae eciii moTpedyercs 100aBUThH
JOTIOTHUTENbHBIE KOMaHIbl. HemocTtaTkoMm SBISETCS OTCYTCTBUE
MaMsTH JaHHBIX, TOAJEP)KKa HE3HAYUTENIBHOTO YHcia KOMaHI, a
TaKkkKe TO, YTO TIPOIECCOpP OMEpUpyeT TONBKO C IENbIMU
MOJIOKUTETHHBIMU YHCIIAMH M OTCYTCTBHE KOHBEHepa KOMaH/I.
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4.5. IlpoexkTHpOBaHNE YUeOHOTr0 MpoLeccopa ¢ pUKCHPOBAHHOI
3anaroid B CAIIP IIJIMC Quartus 11

B nanHoM pasnene mpenjaraeTcsi Ha OCHOBE CHUCTEMBI
KOMaH/ Ipoleccopa ¢ MUKJIOM paboThl B JIBa TaKTa U HA OCHOBE
MOJIeJI TIpolleccopa C YIPABISIOUMM aBTOMAaTOM Ha IIECTh
COCTOSIHUHM,  TMO3BOJSIOIIUM  HPOBOAMTH  BBIYHCIEHUS  C
(GUKCUPOBAHHOM  3AMATOM,  pEAM30BAaHHOM B CHUCTEME
Matlab/Simulink (pasmen 4.4), paspaborars mporeccop B Oasuce
I[JIUC Stratix Il xommanuu Altera ¢ ucnonszoBanuem CAIIP
Quartus Il.  OcoOGeHHOCTBIO BBIIIE PACCMOTPEHHOW MOJAETH
mpoleccopa SIBISIETCS  paclpeiefieHHas CHCTeMa YIpaBICHUS
(GyHKIMOHATBHBIMUA OJIOKAMU, T.€. KaXKIbli OJNOK HMEET CBOM
JIOKAJIbHBIN YIPaBJISAIONINI CUTHAN (IIMHY), KOTOPBIM YIpPAaBIseT
nuppoBoir  aBromar. OcHOBHbIE (DYHKIMOHANBHBIE  OJOKH
MPOEKTUPYEeMOro Tpoleccopa omucanbl Ha s3eike VHDL, kop
A3bIKa KOTOPOTO ObUT CTeHEPUPOBAH B aBTOMATUYECKOM PEKHUME C
nomousio Simulink HDL Coder cucremsr Matlab/Simulink. Ha
puc.4.32 mpencraBieHa DSJEKTpPUUECKas cxema Ipoleccopa B
CAIIP IJIMC Quartus Il Bepcun 8.1.

IIpoekTupyeMblii IIPOLECCOP COCTOUT U3  CIHEAYIOIIUX
(GyHKUMOHANBHBIX OJ0KOB (puc.4.32): ympaBisioOmMiA aBTOMAT
(6bmok CPU_Controller, mpumep 1); perucrtp CroenuaibHOTro
nazHayenus: (PCH, 6mox PC_Incrementer, mpumep 2), He0OX0auM
JUTsE oOecTieueHus “IPbIKKOBBIX KoMaH, Takux kak JMP, JMPZ,
CALL u RET; cuerunk komana (6mok Program_Counter, mpumep
3); mamsaTh nporpamm - [13Y mporeccopa (61ok Instruction_ROM,
npumep 4); perucrpa umHCTpyKumii (Osox Instruction_Register,
npumep 5); IByX peructpoB oOmero HasHauenus (POH, Gnok
RegisterA, mpumep 6); AJIY npoueccopa (610xk ALU, npumep 7).
Peructpsr Ha D-Tpurrepax (yersipe 8-mu (610K dff8) u oqun 16-TH
paspsianbiid (6nok dff16)), TakTpyeMbie pPOHTOM CHHXPOCHTHAIA
pa3paboTaHbl JOMOJHUTENBHO (CM. pa3zien 4.4) ¢ UCIoIb30BaHUEM
merapynkuuu LPM_FF.
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Ha puc.4.33 u puc.4.34 nokazaHbl BpEMEHHBIE JHArpaMMbl
paboThI mporieccopa ¢ ynpasisromum aBromatom B CAITP Quartus
Il. OcymectBasiercs TectupoBanue komangy MOV A12; MOV
B,23; ADD A,B u xomana JMPZ11, JMP7.

Azpik VHDL sBnsiercss sS3BIKOM CO CTPOTUM KOHTPOJIEM
tunoB. [losTomy ObIBaeT HEOOXOAMMO MpeoOpa3oBaTh CUTHAI
OJIHOTO THMa B CHUTHajJ JApyroro tuma. Jaxxe mpu BHINOIHEHUH
MPOCTBIX JACUCTBUMN, €CIIM THIBl OOBEKTOB HE COBMANAIOT, MOXKET
noTpedoBaThcs oOpaiieHne K (GyHKIUUW MpeoOpa3OBaHUsI THIIOB.
Pasnuyaror nBa Buaa mpeoOpa3oBaHUsS THIA: IEPEXOJA TUIA H
BbI30B  (yHKIMM mpeoOpazoBanus tuma. llepexon Tumna
MPUMEHSIETCS Ul MPeoO0pa30BaHUsI TECHO CBSI3aHHBIX THUIIOB WIIH
noATumnoB. Eciu Tumbl HE TECHO CBS3aHHBIE, TO HEOOXOIUMO
BBIMIOJTHUTH BHI30B (DYHKIIUU MpeoOpa3oBaHus THIIA.

ITaker numeric_std comepKUT cTaHmapTHBIA  HAOOP
apuQMEeTHUYECKUX, JOTUYeCKNX (YHKIUN U (YHKIUI CpaBHEHHS
s pabotel ¢ Tumamu Signed, unsigned, integer, std_ulogic,
std_logic, std_logic_vector. B makere numeric_std cymiectByer
byHKIMS mpeobpa3oBaHus BekTopHOro THma to_unsigned ¢
ornepangamu arg (tun integer), size (tun natural, GutoBas mUpHHa)
U THIOM pesynpTata unsigned. Tum unsigned mHTepnpeTupyercs
KaKk JBOMYHOE MpeJCTaBIeHHe Yuciaa Oe3 3Haka, a Tum Signed
0003Ha4yaeT ABOWYHBIC YMCIIA CO 3HAKOM B JIOMOJHUTEIHHOM KOJIE.
Hanpumep: CPU_state_temp := to_unsigned(3, 8);. Yucno 3 wu3
OJIHOMEPHOTO MacCHBa IIENIbIX 4YHCeN MpeoOpa3yeTcss B BOCHBMHU
pa3psiHOe JTBOMYHOE YHUCIO 0Oe3 3HaKa, KOTOpPOe MPUCBAUBACTCS
nepemennoit CPU_state_temp. A mnepemennas CPU_state temp
0o0BsIBIEHA KaK MacCUB JBOWYHBIX umcen Oe3 3Haka: VARIABLE
CPU_state_temp: unsigned(7 DOWNTO 0);. Dto ectb siBHOE
npeoOpa3oBaHre TECHO CBSA3AHHBIX MEXIY COOOI THIIOB.
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Nmu IR_func <= std_logic_vector(to_unsigned(3, 2));.
Hecsatrnunoe ynciio 3 npeodpaszyercss B ABOMYHOE uncio “11” tuma
unsigned, 3arem tum unsigned HesBHO mpeoOpasyercs B THIT
std_logic_vector. Curnany IR_func Oymer HasHaueHO IBOMYHOE
yucio “117.

IIpu renepanmm xoma s3bika VHDL  Giooka AJIY
UCIIOJIB3YeTCs TOMOMHHUTENIbHAs QyHKIMs tMw_to_signed, kotopas
npeoOpasyeT ABOMYHOE YKCIO Thma Unsigned B IBOMYHOE YHCIIO
tuna Signed (mpumep 7) ¢ mUpHHOM OMTOBOM IIKMHBI THIA INteger,
YTO HEOOXOIUMO JUIsi 0OCCIICUCHUS ONEPAllMU BBIYUTAHUS (BBI3OB
byHKIMYM peoOpa3oBaHus THUIIA):

FUNCTION tmw_to_signed(arg: unsigned; width: integer) RETURN
signed IS

--SUB A,B

ina_1 :=tmw_to_signed(unsigned(inA), 9) - tmw_to_signed(unsigned(inB), 9);

Omeparop srl  BBemennwiii B crangapre VHDL93
OCYIIECTBISIET OINEPALUI0 JIOTHYECKOTO CIBUTa OJHOMEPHOIO
MmaccuBa (JIEBBIIl oreparop) ¢ aneMeHTamu Tuma bit B mpaso, Ha
YHCIIO YKa3aHHOE IMpaBbIM omeparopoMm Tuma integer. Hampumep,
OHOMEpHBIF MaccuB Main_opcode_temp tuma unsigned(15
DOWNTO 0), npeacrasnstomuii u3 ceds 16-tu GUTOBOE JBOUYHOE
4HCII0, CABUTaeTCs BIpaBo Ha 8 6ut. Hanpumep:

main_opcode_temp := unsigned(IR_in); cr := main_opcode_temp srl 8;.

Jlornuyeckuit omeparop AND (Tum neBoro omnepania,
npaBoro W THI pe3yiabTarta unsigned) wucmome3yercs uist
BBIJICJICHUS 8-mu pa3psIHOTO CUTHasa (onepanna)
address_data_next u3 16-tn paspsaHon KOMaH/IbI
MHUKpOIpoIieccopa IMyTeM JIOTMYECKOTO YMHOXKEHHUS CHUTHaia
major_opcode_temp c mackoii to_unsigned(255, 16). Hanpuwmep:

- IR_in <8..1>
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c_uint := main_opcode_temp AND to_unsigned(255, 16);
IF c_uint(15 DOWNTO 8) /= "00000000" THEN
address_data_next <="11111111";
ELSE
address_data_next <= c_uint(7 DOWNTO 0);
END IF;

B npumepe 3 wucnosnb3yercs omneparop KOHKaTeHaUM &
KOTOPBIA TIPEeNoNpeaeieH Ui BCEX OJHOPa3MEpPHBIX MaCCHBOB.
DTOT omnepaTtop BBICTPAHBAET MACCHUBBI ITyTeM KOMOMHHPOBAHUS C
ux omepapaamu. OmepaTop & uUCHONB3yeTcs AN T00aBICHUS
OJMHOYHOIO »dIeMeHTa B KoHenm MaccuBa PC value Tuma
unsigned(7 DOWNTO 0):

-- increment PC
ain :=resize(PC value &'0'&'0'&'0'&'0'& '0' & '0' & '0', 16);
ain_0:=ain + 128;
IF (ain_0(15) /='0") OR (ain_0(14 DOWNTO 7) ="11111111") THEN
PC value_next <="11111111";
ELSE
PC value_next <=ain_0(14 DOWNTO 7) + ("0" & (ain_0(6)));
END IF;

OyHKIMS W3MEHEHUsT pa3Mmepa resize (TUI  JIEBOTO
omepaTopa unsigned, KOJIMYECTBO MO3MIMKA Tuma natural, Tum
pe3ynbrata unsigned) MO3BOJSET U3 BOCBMH Pa3psAAHOTO CUTHANA
PC_value CKOHCTpyHpOBaTh JIOKAJIbHYIO TIEPEMEHHYIO ain THIIA
unsigned(15 DOWNTO 0). ®yskiust ‘“+’ m03BOJSET OCYIICCTBUTh
APUMETHUYECKYI0  OMNEpaIi0  CIOXCHHUsS, €CJIM THUI  JICBOTO
oreparopa unsigned a mpasoro integer ¢ pesyibraTom unsigned.

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
ENTITY CPU_Controller IS
PORT (
clk : IN std_logic;
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clk_enable : IN std_logic;

reset : IN std_logic;

master_rst : IN std_logic;

IR_in: IN std_logic_vector(15 DOWNTO 0);

Reg_A: IN std_logic_vector(7 DOWNTO 0);

ALU_func : OUT std_logic_vector(3 DOWNTO 0);

IR_func : OUT std_logic_vector(1 DOWNTO 0);

PC_inc_func : OUT std_logic_vector(1 DOWNTO 0);

PC_func : OUT std_logic_vector(1 DOWNTO 0);

addr_inc : OUT std_logic_vector(7 DOWNTO 0);

IM_read : OUT std_logic;

RegA _func : OUT std_logic_vector(2 DOWNTO 0);

RegB_func : OUT std_logic_vector(2 DOWNTO 0);

Reg_OutA : OUT std_logic_vector(7 DOWNTO 0);

Reg_OutB : OUT std_logic_vector(7 DOWNTO 0));
END CPU_Controller;

ARCHITECTURE fsm_SFHDL OF CPU_Controller IS

SIGNAL CPU_state : unsigned(7 DOWNTO 0);
SIGNAL major_opcode : unsigned(3 DOWNTO 0);
SIGNAL main_opcode : unsigned(15 DOWNTO 0);
SIGNAL minor_opcode : unsigned(3 DOWNTO 0);
SIGNAL address_data : unsigned(7 DOWNTO 0);
SIGNAL CPU_state_next : unsigned(7 DOWNTO 0);
SIGNAL major_opcode_next : unsigned(3 DOWNTO 0);
SIGNAL main_opcode_next : unsigned(15 DOWNTO 0);
SIGNAL minor_opcode_next : unsigned(3 DOWNTO 0);
SIGNAL address_data_next : unsigned(7 DOWNTO 0);
BEGIN
initialize_CPU_Controller : PROCESS (reset, clk)
-- local variables
BEGIN
IF reset = '1' THEN
CPU_state <=to_unsigned(0, 8);
main_opcode <= to_unsigned(0, 16);
major_opcode <= to_unsigned(0, 4);
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minor_opcode <=to_unsigned(0, 4);
address_data <=to_unsigned(0, 8);
ELSIF clkEVENT AND clk="1' THEN
IF clk_enable="1' THEN
CPU_state <= CPU_state_next;
major_opcode <= major_opcode_next;
main_opcode <= main_opcode_next;
minor_opcode <= minor_opcode_next;
address_data <= address_data_next;
END IF;
END IF;
END PROCESS initialize_ CPU_Controller;

CPU_Controller : PROCESS (CPU_state, major_opcode,
main_opcode, minor_opcode,
address_data, master_rst, IR_in, Reg_A)
-- local variables
VARIABLE c_uint : unsigned(15 DOWNTO 0);
VARIABLE b_c_uint : unsigned(3 DOWNTO 0);
VARIABLE cr : unsigned(15 DOWNTO 0);
VARIABLE CPU_state temp : unsigned(7 DOWNTO 0);
VARIABLE major_opcode_temp : unsigned(3 DOWNTO 0);
VARIABLE main_opcode_temp : unsigned(15 DOWNTO 0);
VARIABLE reg_a 0 : unsigned(7 DOWNTO 0);
BEGIN
minor_opcode_next <= minor_opcode;
address_data_next <= address_data;
CPU_state temp := CPU_state;
major_opcode_temp := major_opcode;
main_opcode_temp := main_opcode;
-- CPU Caontroller
-- 16-bit Instruction Encoding:

-- NOP: 00000 000 <00000000>
-- JMP: 00000 001 <8-hit>
- JMPZ: 00000 010 <8-hit>
-- CALL: 00000 011 <8-hit>
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-- MOV A,xx: 00000 100 <8-bit>
-- MOV B,xx: 00000 101 <8-bit>
-- RET: 00000 110 <00000000>

-- MOV A,B: 00000 110 <00000001>
-- MOV B,A: 00000 110 <00000010>
-- XCHG A,B: 00000 110 <00000011>
-- ADD A,B: 00000 110 <00000100>
-- SUB A,B: 00000 110 <00000101>
-- AND A,B: 00000 110 <00000110>
-- ORAB: 00000 110 <00000111>
-- XOR A,B: 00000 110 <00001000>
- DEC A: 00000 110 <00001001>
IF master_rst /="0' THEN
CPU_state_temp :=to_unsigned(0, 8);
END IF;
PC _inc_func <=std_logic_vector(to_unsigned(0, 2));
IR_func <=std_logic_vector(to_unsigned(3, 2));
PC_func <=std_logic_vector(to_unsigned(3, 2));
IM_read <=0
addr_inc <= std_logic_vector(to_unsigned(0, 8));
Reg_OutA <=std_logic_vector(to_unsigned(0, 8));
Reg_OutB <= std_logic_vector(to_unsigned(0, 8));
RegA_func <=std_logic_vector(to_unsigned(4, 3));
RegB_func <= std_logic_vector(to_unsigned(4, 3));
ALU_func <=std_logic_vector(to_unsigned(9, 4));
-- NOP
-- main_code: <16..1>
-- major_opcode: <16..9>
-- minor_opcode: <12..9>
-- address_data: <8..1>
CASE CPU_state_temp IS
WHEN "00000000" =>
%0%%%%%% %% % %% %% %% %% % %% %% %% %% % %% %% %%
-- RESETTING OUTPUTS
%%%%%% %% %% %% %% %% %% % %% %% %% %% % %% %% %%
PC_inc_func <=std_logic_vector(to_unsigned(0, 2));
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PC_func <=std_logic_vector(to_unsigned(0, 2));
IR_func <= std_logic_vector(to_unsigned(0, 2));
RegA_func <=std_logic_vector(to_unsigned(0, 3));
RegB_func <= std_logic_vector(to_unsigned(0, 3));
CPU_state_temp :=to_unsigned(1, 8);
%%%%0%% %% %% % %% %% %% % %% % % %% % %% % % %% % %% %
-- FETCH
%%%%0%% %% %% % %% %% %% % %% % % %% % %% % % %% % %% %

WHEN "00000001" =>
-- Read from IM (ROM)
IM_read <="1",
-- PC increment PC+1
PC_func <=std_logic_vector(to_unsigned(2, 2));
-- store into IR
IR_func <=std_logic_vector(to_unsigned(1, 2));
CPU_state_temp :=to_unsigned(2, 8);

WHEN "00000010" =>
-- Read from IR
IR_func <=std_logic_vector(to_unsigned(2, 2));
-- Accommaodating for the 'unit delay' from IR_out to IR_in
CPU_state_temp :=to_unsigned(3, 8);

WHEN "00000011" =>
- IR _in<16..1>
main_opcode_temp := unsigned(IR_in);
- IR_in <16..9>
cr := main_opcode_temp srl 8;
IF cr(15 DOWNTO 4) /= "000000000000" THEN

major_opcode_temp :="1111";

ELSE
major_opcode_temp := cr(3 DOWNTO 0);
END IF;
-- for instructions NOP,JMP,JMPZ,CALL,MOV A,xx MOV B,xx,RET
--IR_in<12..9>

b_c_uint := major_opcode_temp AND to_unsigned(15, 4);
minor_opcode_next <=b_c_uint;

- IR_in <8..1>

c_uint := main_opcode_temp AND to_unsigned(255, 16);
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IF c_uint(15 DOWNTO 8) /= "00000000" THEN
address_data_next <="11111111";
ELSE
address_data_next <= c_uint(7 DOWNTO 0);
END IF;
-- Go to the decode stage
CPU_state_temp :=to_unsigned(4, 8);
%%%%%%% %% % %% %% %% %% % %% %% %% % % %% %% %% %%
-- DECODE AND EXECUTE
%%%%%% %% %% %% %% %% %% % %% %% %% %% % % %% %% %%
WHEN "00000100" =>
CASE minor_opcode IS
WHEN "0000" =>
-- NOP
CPU_state_temp :=to_unsigned(1, 8);
WHEN "0001" =>
-- JMP
addr_inc <=std_logic_vector(address_data);
PC _inc_func <=std_logic_vector(to_unsigned(1, 2));
PC_func <=std_logic_vector(to_unsigned(1, 2));
CPU_state_temp :=to_unsigned(1, 8);
WHEN "0010" =>
--JMPZ
reg_a 0 :=unsigned(Reg_A);
IFreg_a 0=0THEN
addr_inc <=std_logic_vector(address_data);
PC _inc_func <=std_logic_vector(to_unsigned(1, 2));
PC_func <=std_logic_vector(to_unsigned(1, 2));
END IF;
CPU_state_temp :=to_unsigned(1, 8);
WHEN "0011" =>
-- CALL
addr_inc <=std_logic_vector(address_data);
PC_inc_func <=std_logic_vector(to_unsigned(1, 2));
PC_func <= std_logic_vector(to_unsigned(1, 2));
CPU_state_temp :=to_unsigned(1, 8);
WHEN "0100" =>
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--MOV A, xx
Reg_OutA <=std_logic_vector(address_data);
RegA_func <=std_logic_vector(to_unsigned(1, 3));
CPU_state_temp :=to_unsigned(1, 8);
WHEN "0101" =>
--MOV B,xx
Reg_OutB <= std_logic_vector(address_data);
RegB_func <= std_logic_vector(to_unsigned(1, 3));
CPU_state_temp :=to_unsigned(1, 8);
WHEN "0110" =>
CASE address_data IS
WHEN "00000000" =>
-RET
PC inc_func <=std_logic_vector(to_unsigned(2, 2));
PC_func <=std_logic_vector(to_unsigned(2, 2));
CPU_state_temp :=to_unsigned(5, 8);
WHEN "00000001" =>
--MOV AB
ALU_func <=std_logic_vector(to_unsigned(0, 4));
RegA_func <=std_logic_vector(to_unsigned(2, 3));
RegB_func <= std_logic_vector(to_unsigned(2, 3));
CPU_state_temp :=to_unsigned(5, 8);
WHEN "00000010" =>
--MOV B,A
ALU_func <=std_logic_vector(to_unsigned(1, 4));
RegA_func <=std_logic_vector(to_unsigned(2, 3));
RegB_func <= std_logic_vector(to_unsigned(2, 3));
CPU_state_temp :=to_unsigned(5, 8);
WHEN "00000011" =>
--XCHG A.B
ALU_func <=std_logic_vector(to_unsigned(2, 4));
RegA_func <=std_logic_vector(to_unsigned(2, 3));
RegB_func <= std_logic_vector(to_unsigned(2, 3));
CPU_state_temp :=to_unsigned(5, 8);
WHEN "00000100" =>
--ADD A,B
ALU_func <=std_logic_vector(to_unsigned(3, 4));
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RegA_func <=std_logic_vector(to_unsigned(2, 3));
RegB_func <= std_logic_vector(to_unsigned(2, 3));
CPU_state_temp :=to_unsigned(5, 8);

WHEN "00000101" =>
--SUB A,B
ALU_func <=std_logic_vector(to_unsigned(4, 4));
RegA_func <=std_logic_vector(to_unsigned(2, 3));
RegB_func <= std_logic_vector(to_unsigned(2, 3));
CPU_state_temp :=to_unsigned(5, 8);

WHEN "00000110" =>
--AND A,B
ALU_func <=std_logic_vector(to_unsigned(5, 4));
RegA _func <=std_logic_vector(to_unsigned(2, 3));
RegB_func <= std_logic_vector(to_unsigned(2, 3));
CPU_state_temp :=to_unsigned(5, 8);

WHEN "00000111" =>
--ORAB
ALU_func <=std_logic_vector(to_unsigned(6, 4));
RegA _func <=std_logic_vector(to_unsigned(2, 3));
RegB_func <= std_logic_vector(to_unsigned(2, 3));
CPU_state_temp :=to_unsigned(5, 8);

WHEN "00001000" =>
--XOR A,B
ALU_func <=std_logic_vector(to_unsigned(7, 4));
RegA_func <=std_logic_vector(to_unsigned(2, 3));
RegB_func <= std_logic_vector(to_unsigned(2, 3));
CPU_state_temp :=to_unsigned(5, 8);

WHEN "00001001" =>
--DEC A
ALU_func <=std_logic_vector(to_unsigned(8, 4));
RegA_func <= std_logic_vector(to_unsigned(2, 3));
CPU_state_temp :=to_unsigned(5, 8);

WHEN OTHERS =>
NULL;

END CASE;
WHEN OTHERS =>
NULL;
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END CASE;
WHEN "00000101" =>
RegA_func <=std_logic_vector(to_unsigned(2, 3));
RegB_func <= std_logic_vector(to_unsigned(2, 3));
CPU_state_temp :=to_unsigned(1, 8);
WHEN OTHERS =>
NULL;
END CASE;
CPU_state_next <= CPU_state _temp;
major_opcode_next <= major_opcode_temp;
main_opcode_next <= main_opcode_temp;
END PROCESS CPU_Controller;
END fsm_SFHDL;

[Ipumep 1. Kox sseika VHDL ympaBnstomero aBToMara
POCKTHPYEMOTO poreccopa, CreHEePUPOBAHHBIM B
aBTOMaTHYecKoM pexume ¢ nomompio Simulink HDL  Coder
cucteMbl Matlab/Simulink

LIBRARY ieeeg;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
ENTITY PC_Incrementer 1S
PORT (
clk : IN std_logic;
clk_enable : IN std_logic;
reset : IN std_logic;
func : IN std_logic_vector(1 DOWNTO 0);
addr : IN std_logic_vector(7 DOWNTO 0);
PC_curr : IN std_logic_vector(7 DOWNTO 0);
PC_next : OUT std_logic_vector(7 DOWNTO 0);
Temp : OUT std_logic_vector(7 DOWNTO 0));
END PC_Incrementer;

ARCHITECTURE fsm_SFHDL OF PC_Incrementer IS

SIGNAL PC_Temp : unsigned(7 DOWNTO 0);
SIGNAL PC_Temp_next : unsigned(7 DOWNTO 0);
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BEGIN
initialize_PC_Incrementer : PROCESS (reset, clk)
-- local variables
BEGIN
IF reset ='1' THEN
PC_Temp <=to_unsigned(0, 8);
ELSIF clkEVENT AND clk="1' THEN
IF clk_enable="1' THEN
PC_Temp <= PC_Temp_next;
END IF;
END IF;
END PROCESS initialize_PC_Incrementer;

PC_Incrementer : PROCESS (PC_Temp, func, addr, PC_curr)
-- local variables
VARIABLE PC_Temp_temp : unsigned(7 DOWNTO 0);
BEGIN
PC _Temp_temp := PC_Temp;
-- func = 0 => reset PC_Inc
-- func = 1 => store into PC_Inc when JMP, JMPZ, CALL
-- func = 2 => load from PC_Inc when RET
PC _next <= PC_curr;
Temp <=std_logic_vector(to_unsigned(0, 8));
CASE func IS
WHEN "00" =>
--reset PC_Inc
PC_next <=std_logic_vector(to_unsigned(0, 8));
WHEN "01" =>
-- store into PC_Inc when JMP, JMPZ, CALL
PC_next <= addr;
PC_Temp_temp := unsigned(PC_curr);
Temp <=std_logic_vector(PC_Temp_temp);
WHEN "10" =>
-- load from PC_Inc when RET
PC_next <=std_logic_vector(PC_Temp);
WHEN OTHERS =>
NULL;
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END CASE;
PC_Temp_next <= PC_Temp_temp;
END PROCESS PC_Incrementer;
END fsm_SFHDL;
[Ipumep 2. Peructp cnenuaibHOr0 Ha3HA4YEHHUs Ipoleccopa Ha
s3pike VHDL

LIBRARY ieeeg;

USE ieee.std_logic_1164.all;

USE ieee.numeric_std.all;

ENTITY Program_Counter IS
PORT (

clk : IN std_logic;

clk_enable : IN std_logic;

reset : IN std_logic;

func : IN std_logic_vector(1 DOWNTO 0);
addr_in : IN std_logic_vector(7 DOWNTO 0);
addr_out : OUT std_logic_vector(7 DOWNTO 0));

END Program_Counter;

ARCHITECTURE fsm_SFHDL OF Program_Counter IS
SIGNAL PC_value : unsigned(7 DOWNTO 0);
SIGNAL PC_value_next : unsigned(7 DOWNTO 0);

BEGIN
initialize_Program_Counter : PROCESS (reset, clk)

-- local variables
BEGIN
IF reset = '1' THEN
PC_value <= to_unsigned(0, 8);
ELSIF clkEVENT AND clk="1' THEN
IF clk_enable="1' THEN
PC _value <= PC_value_next;
END IF;
END IF;
END PROCESS initialize_Program_Counter;
Program_Counter : PROCESS (PC_value, func, addr_in)
-- local variables
VARIABLE ain : unsigned(15 DOWNTO 0);
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VARIABLE ain_0 : unsigned(15 DOWNTO 0);
BEGIN
PC_value_next <= PC_value;
-- Program Counter
-- func = 0 =>reset PC
-- func =1 =>load PC
-- func = 2 => increment PC
addr_out <= std_logic_vector(PC_value);
CASE func IS
WHEN "00" =>
-- reset
PC_value_next <=to_unsigned(0, 8);
WHEN "01" =>
-- store into PC
PC_value_next <= unsigned(addr_in);
WHEN "10" =>
-- increment PC
ain :=resize(PC value &'0'&'0'&'0'&'0'&'0' & '0' & '0', 16);
ain_0:=ain + 128;
IF (ain_0(15) /="0") OR (ain_0(14 DOWNTO 7) ="11111111") THEN
PC value_next <="11111111";
ELSE
PC_value_next <=ain_0(14 DOWNTO 7) + ("0" & (ain_0(6)));
END IF;
WHEN OTHERS =>
NULL;
END CASE;
END PROCESS Program_Counter;
END fsm_SFHDL;
[Tpumep 3. CyeTunk KOMaH MUKpoIIpolieccopa Ha s3bike VHDL

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
ENTITY Instruction_ ROM IS
PORT (
clk : IN std_logic;
clk_enable : IN std_logic;
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reset : IN std_logic;
addr : IN std_logic_vector(7 DOWNTO 0);
read : IN std_logic;
instr_out : OUT std_logic_vector(15 DOWNTO 0));
END Instruction_ROM;
ARCHITECTURE fsm_SFHDL OF Instruction_ROM IS
-- TMW_TO_SIGNED
FUNCTION tmw_to_signed(arg: unsigned; width: integer) RETURN signed
IS
BEGIN
IF arg(arg'right) = 'U' OR arg(arg'right) = 'X' THEN
RETURN to_signed(1, width);
END IF;
RETURN to_signed(to_integer(arg), width);
END FUNCTION;
TYPE T_UFIX_16_256 IS ARRAY (255 DOWNTO 0) of unsigned(15
DOWNTO 0);
SIGNAL data: T_UFIX_16_256;
SIGNAL data_next : T_UFIX_16_256;
BEGIN
initialize_Instruction_ROM : PROCESS (reset, clk)
-- local variables
VARIABLE b_0: INTEGER;
BEGIN
IF reset ='1' THEN
FOR Db IN O TO 255 LOOP
data(b) <=to_unsigned(0, 16);
END LOOP;
ELSIF clkEVENT AND clk="1' THEN
IF clk_enable="1' THEN
FORDb_OIN O TO 255 LOOP
data(b_0) <= data_next(b_0);
END LOOP;
END IF;
END IF;
END PROCESS initialize_Instruction_ROM;
Instruction_ROM : PROCESS (data, addr, read)
-- local variables
VARIABLE data_temp : T_UFIX_16_256;
BEGIN
FOR Db IN O TO 255 LOOP
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data_temp(b) := data(b);
END LOOP;
data_temp(0) :=to_unsigned(1036, 16);
data_temp(1) :=to_unsigned(1303, 16);
data_temp(2) :=to_unsigned(1540, 16);
data_temp(3) :=to_unsigned(1545, 16);
data_temp(4) :=to_unsigned(1358, 16);
data_temp(5) :=to_unsigned(1539, 16);
data_temp(6) :=to_unsigned(1541, 16);
data_temp(7) :=to_unsigned(1545, 16);
data_temp(8) :=to_unsigned(1542, 16);
data_temp(9) :=to_unsigned(523, 16);
data_temp(10) :=to_unsigned(263, 16);
data_temp(11) :=to_unsigned(1037, 16);
data_temp(12) :=to_unsigned(1397, 16);
data_temp(13) :=to_unsigned(1543, 16);
data_temp(14) :=to_unsigned(1539, 16);
data_temp(15) :=to_unsigned(1544, 16);
data_temp(16) :=to_unsigned(277, 16);
data_temp(17) :=to_unsigned(1135, 16);
data_temp(18) :=to_unsigned(1480, 16);
data_temp(19) :=to_unsigned(1542, 16);
data_temp(20) :=to_unsigned(1536, 16);
data_temp(21) :=to_unsigned(785, 16);
data_temp(22) :=to_unsigned(0, 16);
IF read ='1' THEN
instr_out <= std_logic_vector(data_temp(to_integer(tmw_to_signed(unsigned(addr) + 1,
32)-1);
ELSE
instr_out <= std_logic_vector(to_unsigned(0, 16));
END IF;
FOR ¢ IN O TO 255 LOOP
data_next(c) <= data_temp(c);
END LOOP;
END PROCESS Instruction_ROM;
END fsm_SFHDL,;

[Tpumep 4. ITamsats mporpamm mporeccopa Ha sizbike VHDL

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
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ENTITY Instruction_Register IS
PORT (

clk : IN std_logic;

clk_enable : IN std_logic;

reset : IN std_logic;

func : IN std_logic_vector(1 DOWNTO 0);

IR_in: IN std_logic_vector(15 DOWNTO 0);

IR_out : OUT std_logic_vector(15 DOWNTO 0));
END Instruction_Register;

ARCHITECTURE fsm_SFHDL OF Instruction_Register IS
SIGNAL IR_value : unsigned(15 DOWNTO 0);
SIGNAL IR_value_next : unsigned(15 DOWNTO 0);

BEGIN
initialize_Instruction_Register : PROCESS (reset, clk)

-- local variables
BEGIN
IF reset = '1' THEN
IR_value <= to_unsigned(0, 16);
ELSIF clkEVENT AND clk="1' THEN
IF clk_enable="1' THEN
IR_value <= IR_value_next;
END IF;
END IF;
END PROCESS initialize_Instruction_Register;
Instruction_Register : PROCESS (IR _value, func, IR _in)
-- local variables
BEGIN
IR_value_next <= IR_value;
-- A 16-bit Instruction Register with the following func:
-- func == 0 => reset
-- func == 1 => store into IR
-- func == 2 => read from IR;
-- otherwise, preserve old value and return 0
IR_out <= std_logic_vector(to_unsigned(0, 16));
CASE func IS
WHEN "00" =>
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-- reset
IR_value_next <= to_unsigned(0, 16);
WHEN "01" =>
-- store into IR
IR_value_next <= unsigned(IR_in);
WHEN "10" =>
--read IR
IR_out <= std_logic_vector(IR_value);
WHEN OTHERS =>
NULL;
END CASE;
END PROCESS Instruction_Regjister;
END fsm_SFHDL,;
[Tpumep 5. Bbrnok perucrtpa HHCTPYKIMH MHKpPOIpoLEccopa
s3pike VHDL

LIBRARY ieeeg;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;

ENTITY RegisterA IS
PORT (
clk : IN std_logic;
clk_enable : IN std_logic;
reset : IN std_logic;
func : IN std_logic_vector(2 DOWNTO 0);
Reg_in_A 1:INstd_logic_vector(7 DOWNTO 0);
Reg_in_A_2: IN std_logic_vector(7 DOWNTO 0);
Reg_out_A : OUT std_logic_vector(7 DOWNTO 0));
END RegisterA,;

ARCHITECTURE fsm_SFHDL OF RegisterA IS

SIGNAL Reg_value : unsigned(7 DOWNTO 0);
SIGNAL Reg_value_next : unsigned(7 DOWNTO 0);

BEGIN
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initialize_RegisterA : PROCESS (reset, clk)
-- local variables
BEGIN
IF reset ='1' THEN
Reg_value <= to_unsigned(0, 8);
ELSIF clkEVENT AND clk="1' THEN
IF clk_enable="1' THEN
Reg_value <= Reg_value_next;
END IF;
END IF;
END PROCESS initialize_RegisterA,;

RegisterA : PROCESS (Reg_value, func, Reg_in_A_1, Reg_in_A 2)
-- local variables
BEGIN
Reg_value _next <= Reg_value;
-- func == 0 => reset;
-- func == 1 => store into RegisterA from port 1;
-- func == 2 => store into RegisterA from port 2;
-- func == 3 => read from RegisterA;
-- HDL specific fimath
Reg_out_A <=std_logic_vector(Reg_value);
CASE func IS
WHEN "000" =>
-- reset
Reg_value_next <=to_unsigned(0, 8);
WHEN "001" =>
-- store into Reg_A from port 1
Reg_value_next <= unsigned(Reg_in_A_1);
WHEN "010" =>
-- store into Reg_A from port 2
Reg_value_next <= unsigned(Reg_in_A_2);
WHEN "011" =>
--read Reg_A
Reg_out_A <=std_logic_vector(Reg_value);
WHEN OTHERS =>
NULL;
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END CASE;
END PROCESS RegisterA,;
END fsm_SFHDL;
I[Ipumep 6. braok peructpa oOmero  HazHadeHUss A
MHUKpoIporeccopa Ha sizbike VHDL

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
ENTITY ALU IS
PORT (
clk : IN std_logic;
clk_enable : IN std_logic;
reset : IN std_logic;
func : IN std_logic_vector(3 DOWNTO 0);
inA : IN std_logic_vector(7 DOWNTO 0);
inB : IN std_logic_vector(7 DOWNTO 0);
OutA : OUT std_logic_vector(7 DOWNTO 0);
outB : OUT std_logic_vector(7 DOWNTO 0));
END ALU;
ARCHITECTURE fsm_SFHDL OF ALU IS
-- TMW_TO_SIGNED
FUNCTION tmw_to_signed(arg: unsigned; width: integer) RETURN signed
IS
BEGIN
IF arg(arg'right) ='U' OR arg(arg'right) = X' THEN
RETURN to_signed(1, width);
END IF;
RETURN to_signed(to_integer(arg), width);
END FUNCTION;
-- TMW_TO_UNSIGNED
FUNCTION tmw_to_unsigned(arg: signed; width: integer) RETURN unsigned
IS
CONSTANT ARG_LEFT: INTEGER := ARG'LENGTH-1;
ALIAS XARG: SIGNED(ARG_LEFT downto 0) is ARG;
VARIABLE result : unsigned(width-1 DOWNTO 0);
VARIABLE argSize : integer;
BEGIN
IF XARG(XARG'high-1) ='U' OR arg(arg'right) = 'X' THEN
RETURN to_unsigned(1, width);
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END IF;
IF (ARG_LEFT < width-1) THEN
result := (OTHERS => XARG(ARG_LEFT));
result(ARG_LEFT downto 0) := unsigned(XARG);
ELSE
result(width-1 downto 0) := unsigned(XARG(width-1 downto 0));
END IF;
RETURN result;
END FUNCTION;
BEGIN
ALU : PROCESS (func, inA, inB)
-- local variables
VARIABLE X_temp : unsigned(7 DOWNTO 0);
VARIABLE ina_0 : unsigned(7 DOWNTO 0);
VARIABLE ina_1 : signed(8 DOWNTO 0);
VARIABLE ina_2 : signed(8 DOWNTO 0);
BEGIN
-- This 8-bit ALU supports the following operations:
-- MOV, XCHG, ADD, SUB, AND, OR, XOR, DEC
--func=0=> MOV AB
-- func=1=> MOV B,A
-- func =2 => XCHG A,B
--func=3=>ADD AB
--func=4=>SUB AB
--func=5=>AND AB
--func=6=>0RAB
--func=7=>XOR AB
--func=8=>DECA
-- Simply pass the inA, when there is no designated func
OUtA <= inA,;
-- Simply pass the inB, when there is no designated func
outB <=inB;
CASE func IS
WHEN "0000" =>
--MOV AB
OUtA <=inB;
WHEN "0001" =>
--MOV B A
outB <= inA;
WHEN "0010" =>
--XCHG A,B
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X_temp := unsigned(inB);
outB <= inA,;
OUtA <= std_logic_vector(X_temp);
WHEN "0011" =>
--ADD A,B
ina_0 := unsigned(inA) + unsigned(inB);
OUtA <= std_logic_vector(ina_0);
WHEN "0100" =>
--SUB A,B
ina_1 :=tmw_to_signed(unsigned(inA), 9) - tmw_to_signed(unsigned(inB), 9);
IFina_1(8) ='1' THEN
OUutA <= "00000000";
ELSE
outA <= std_logic_vector(resize(unsigned(ina_1(7 DOWNTO 0)), 8));
END IF;
WHEN "0101" =>
--AND A,B
OutA <= std_logic_vector(tmw_to_unsigned(tmw_to_signed(unsigned(inA), 32)
AND tmw_to_signed(unsigned(inB), 32), 8));
WHEN "0110" =>
--OR AB
outA <= std_logic_vector(tmw_to_unsigned(tmw_to_signed(unsigned(inA), 32)
OR tmw_to_signed(unsigned(inB), 32), 8));
WHEN "0111" =>
--XOR AB
outA <= std_logic_vector(tmw_to_unsigned(tmw_to_signed(unsigned(inA), 32)
XOR tmw_to_signed(unsigned(inB), 32), 8));
WHEN "1000" =>
--DEC A
ina_2 :=tmw_to_signed(unsigned(inA), 9) - 1;
IFina_2(8) ='1' THEN
OutA <= "00000000";
ELSE
OUtA <= std_logic_vector(resize(unsigned(ina_2(7 DOWNTO 0)), 8));
END IF;
WHEN OTHERS =>
NULL;
END CASE;
END PROCESS ALU;
END fsm_SFHDL,;

[Tpumep 7. banox AJIY mukpomnpoueccopa Ha si3pike VHDL
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[Ipouieccop, MO3BOJIAIOUINIA MPOBOJUTH BBIYMCICHUS B
dopmate ¢ QUKCUPOBAHHON 3SMATON, KOJ SI3bIKa KOTOPOTO OBLI
noayden c¢ wucnois3oBanreM Simulink HDL Coder cucremsr
BH3YaJIbHOI0 MMMHTAIHOHHOTO MojaenupoBanus Matlab/Simulink,
nmokasay cBoro padotocrnocoonocts B CAIIP Quartus |l xkomnanun
Altera. TIporeccop MokeT ObITh ycmemHo pasmemieH B ITJIMC
Stratix 11l EP3SL50F484C2, u 3anumaer menee 1 % pecypcoB
aJanTUBHBIX  Tabmui  mepekomupoBok  (ALUT, 209) nans
peanu3anuu KOMOWHAIMOHHOW JIOTMKU U MeHee 1 % pecypcoB
MOCJIEIOBATEILHOCTHOM JIOTUKH (peructpos, 105).

ABTOMaTHYECKH CreHEepUpOBaHHBIM koxa s3bika VHDL C
ncnosp3zoBanrueM Simulink HDL Coder cucremsr Matlab/Simulink,
MO3BOJIIET  3HAYUTENBHO  YCKOPUTh  MpoIecc  pa3pabOTKH
MOJIb30BATEIBCKUX MHUKPOMPOIIECCOPHBIX SAep, I peanu3aliun
ux B Oasuce IIJIMC. K HenmocraTkaM cieayeT OTHECTH HAIUYUE
JIOCTaTOYHO OOJIBIIIOTO YHUCJIa SBHBIX MPEeoOpa3oBaHUN TECHO
CBSI3aHHBIX MEXIy COOOW THUIIOB, YTO ompezensercs (hopmarom
MpEeJICTaBICHUS UCXOHBIX AaHHBIX cucTeMbl Matlab/Simulink.

4.6. IIpoexkTHpOBaHME MHKPOINIPOLECCOPHBIX s/1ep
¢ KOHBEHEepPHOIl apXUTEeKTYPOil 1Jisl peanu3anuu B 0asuce
IJINC

Bocrnione3yemcst cucTeMoil KOMaH CUHXPOHHOTO IIpoleccopa
C UuKIOM paboThl B JBa TakTa M  CIPOEKTHUPYEM
MHUKPOIIPOLIECCOPHOE AP0 € HCIOJIB30BAHUEM KOHBEHEPHOU
apXUTEKTypbl. TUMOBOM KOHBEHEP MHUKPOIIPOLECCOPA COMEPHKHUT
ISTh CTaJMH: BBIOOpPKA MHCTPYKLMH; JEKOJUPOBAHUE HHCTPYKLIUY;
aapecauuss W BbIOOpKa onepanaa u3 O3Y; BeimosHeHHe
apu(MeTHYECKUX OIepaluii; cOXpaHEHUE pe3yibTaTa OIepalHH.
Kaxxaplii aTan KOMaHIbl paccCMaTpUBaeTCsl Kak Kackaj KOHBelepa.
Takum 00pa3oM, MOYKHO OpPraHMU30BaTh HAIOXKEHHUE KOMaHJ, IpU
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KOTOPOM HOBasi KOMaH/1a Oy/eT HauMHATh BBIMIOJIHATHCS B MEPBBIi
MOMEHT Ka)XJO0ro TakTa. biaromaps MCHoiab30BaHUIO BHYTPEHHETO
napajuiesi3Ma MoToKa KOMaH]| KOHBelepHas 00paboTKa 1Mo3BOJIseT
CYIIECTBEHHO CHHU3UTh B CpEIHEM BpEMs BBINOJIHEHUS] OJHOM
koMaHabl. IIpomyckHas cmocoOHOCTh MalllMHBI C KOHBEHEpHO
00paboTKOi1 omnpeaensieTcss YUCIOM KOMaH], MPOMYIIEHHBIX Yepe3
KOHBEHep 3a €AUHUILY BPEMEHH.

Jia  peanuzanuu mpoieccopa HeoOXoauma MamsiTh, B
KOTOpOM OyAyT XpaHUTHCS KOMaHIbl MHKpOIpoueccopa (HamsTh
oporpaMM) ¥ HMHCTPYKIMH JUIsl  YIOPAaBISIOLMIETO aBTOMaTa.
[TpoexkTupyemas mamMsTh UMEET aCHHXPOHHBIN CUTHAJ cOpoca reset,
COCTOMT U3 JIBYX MAacCHUBOB MaMATH eMKocThio 4096 out. Huxe
npuBeneH kon s3bika VHDL acunxponHOM mamsatu (mpumep 1).
[13Y pa3zpeneno Ha 2 obmactu U oOnajmaeT ABYMs aJIpEeCHBIMHU
mmHamu  addr_cmd[15..0] wu  addr_avt[15..0]. Ilo muHe
avt_out[15..0] nepenaroTcsi UHCTPYKUMHU YIPABJISIOLIET0 aBTOMATA,
a mo mmHe cmd_out[15..0] nepenarTcs  KOMaHJb
MUKpOIIpo1Ieccopa.

Pa3zpaboraem namsi MHKPOIIPOLIECCOPHOTO siipa YIPaBISIOLIUI
aBToMar, Ha JeBATh cocTosHuil (puc.4.35). Ucmonwp3zoBaHue
YIIPaBJISIONIETO aBToOMaTa  y/AOBJIETBOPSIET COBPEMEHHOI
KOHIENIIUM CHHXPOHHOTO KOJUPOBAaHUSA TMPU  peaiu3aluu
1 poBbIX yeTpoiicTB B 6asuce [TJIUC.

VYrpaBnsiomuii aBTOMar UMeeT BXOJ CHHXpoHu3aiuu ClK u
ACMHXPOHHOTO cOpoca ISt, KOTOpBI YCTaHABIMBAaeT aBTOMAT B
HauansHOe cocTossHue INST. B nawanenoMm cocrostHum INST mo
mmHe INstr[15..0] npoucxoauT 3arpy3ka u3 [13Y uHCTpYKIMH 1151
VIIPABJISIONIETO aBTOMAaTa B PETHCTP HHCTPYKIHMA, B KOTOPOM
BBIIEIISIOTC  pa3psanasl  [15..12]  (mwmHa  instr[15..12]) s
JIEKOMPOBaHUs IB)KEHHUM 1O BeTKaMm aBToMara u paspsiasl [11..9]
(urmna instr[11..9]) mis KekoAMpPOBaHUS JIOTUKO-apUPMETHISCKIX
onepauui.
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Puc.4.35. brnok-cxema ynpaBisoniero aBTomara
MUKPOTIPOIIECCOPHOTO sifjpa Ha 9 cocTosTHUI

LIBRARY ieeeg;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
ENTITY rom_syn IS
PORT (addr_cmd : IN std_logic_vector(15 DOWNTO 0);
addr_avt : IN std_logic_vector(15 DOWNTO 0);
cmd_out : OUT std_logic_vector(15 DOWNTO 0);
avt_out : OUT std_logic_vector(15 DOWNTO 0));
END rom_syn;
ARCHITECTURE a OF rom_syn IS
TYPE T_UFIX_16_256 IS ARRAY (255 DOWNTO 0) of unsigned(15
DOWNTO 0);
BEGIN
PROCESS (addr_cmd)
VARIABLE b : INTEGER,;
VARIABLE c: INTEGER;
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VARIABLE data_temp : T_UFIX_16 256;
BEGIN
FOR b IN 128 TO 255 LOOP
data_temp(b) :=to_unsigned(0, 16);
END LOOP;
data_temp(128) :=to_unsigned(0, 16);
data_temp(129) :=to_unsigned(1165, 16);
data_temp(130) :=to_unsigned(1358, 16);
data_temp(131) :=to_unsigned(1540, 16);
data_temp(132) :=to_unsigned(1541, 16);
data_temp(133) :=to_unsigned(1542, 16);
data_temp(134) :=to_unsigned(1543, 16);
data_temp(135) :=to_unsigned(1544, 16);
data_temp(136) :=to_unsigned(1545, 16);
data_temp(137) :=to_unsigned(1539, 16);
data_temp(138) :=to_unsigned(1546, 16);
data_temp(139) :=to_unsigned(1547, 16);
cmd_out <=
std_logic_vector(data_temp(to_integer(unsigned(addr_cmd))));
END PROCESS;
PROCESS (addr_avt)
VARIABLE data_temp : T_UFIX_16_256;
BEGIN
FOR cIN O TO 255 LOOP
data_temp(c) :=to_unsigned(0, 16);
END LOOP;

data_temp(0) := "0000000000000000";
data_temp(1) := "1000000000000000";
data_temp(2) := "1000001000000000";
data_temp(3) := "1000010000000000";
data_temp(4) := "1000011000000000";
data_temp(5) := "1000100000000000";
data_temp(6) := "1000101000000000";
data_temp(7) := "0001000000000000";
data_temp(8) := "0010000000000000";
data_temp(9) := "0011000000000000";

data_temp(10) := "0100000000000000";
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data_temp(11) :="1001000000000000";

avt_out <=
std_logic_vector(data_temp(to_integer(unsigned(addr_avt))));
END PROCESS;
END a;
IIpumep 1. Kog s3etka VHDL 6510ka acHHXpOHHOM TTaMsATH

Ha Beixome aBromara ip[15..0] ¢ moMoIp0 OUTOB KOHTPOJIS
(BuyTpennuii curHanm  control_signal) dopmupyercs  ampec
KOMaHJbl, Xpansawmuiica B 1I3Y. Beicokuil ypoBeHb CurHana
instr_en pasperraer mojy4eHHe HOBOM HMHCTpyKImu u3 13V mis
VIIPABJISIONIET0 aBTOMaTa, U YBEIMYUBACT COACPKUMOE CUETUHKA
Ha eaununy. Curman num_state[3..0] mnoka3piBaeT HOMEP
COCTOSTHUSI, B KOTOPOM HaXOAMTCS YIPABJISIOUINI aBTOMAT.

Crnenytomiee COCTOSIHHE, B KOTOPOE IEPEXOAMT aBTOMAT I10
nepenHemy Gponty cuaxpoummysibea Clk — Readlnst. B coctosiun
ReadInst mpoucxomut dreHHEe MOIYYCHHOW MHCTPYKIIUH U BBIOOD
CIIeTyIoIIero cocTosiuus apromara. B cocrosausx INST u Readlnst
B AJIY HENOKHO  BBINONHITH  JIOTUKO-apU(PMETHUUECKUX
onepauuii. ABromar peanusyet komanay NOP.

C nmpuxogoM (QpoHTa CHHXPOUMITyJIbCAa aBTOMAT TMEpeseT B
OJIHY U3 BO3MOKHBIX BETOK (BCEro BO3MOXKHBI 4 BETKH ), HAIIPUMED,
B coctosinne MOVA ecnu Ha muHe instr 15 12 mpucytcTByeT Koj
“0000” (Betka c cocrtossHUsAMU MOVA, MovB, XCHG mus
BbIMoNHeHUsT AJIY Tpex perucTpoBbIX oOIeparfii MepechbUIKH), B
cocrosiaue ALU ecau “1000” (B a3Tom coctostHuu AJIY BBITOTHSET
[IeCTh JIOTHKO-apu(METHYECKUX OIepaluii), B coctosaue RegA
eciu “1001” (BeTka ¢ cocrostausiMu RegA, RegB, AJIY BeimonHseT
3arpy3ky POH A u B ¢ BxonHoro nopra) wiu B coctosiaue JUMP,
ecnu Ha mmHe instr_15 12 mpucyrcTByer ir000e Apyroe 3HaYCHHE.
B cocrossauu JUMP, B 3aBUCHMOCTH OT KoJa Ha muHe instr_15 12
aBTOMAT MOXKET “NEPENpPBITHYTh” B IPYro€ COCTOSIHUE (BO3MOKHbBIE
MEePEeX0/Ibl MMOKA3aHbl MyHKTUPHBIMH JMHUAMH), Tipu 3ToM AJIY He
BBITIOJTHSET OMNepalnii, a aBToMaT peanu3yeT komanay NOP.
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B coctrossann MOVA mipoucXoauT HEMOCPEICTBEHHAS 3arpy3Ka
B peructp A omepasja, 3aJJaHHOIO MJIAAIIUM OaiTOM KOMaHJbI.
CrnenylomuM COCTOSSHUEM, B KOTOPOM TPOM3OMIET 3arpyska
onepanna B peructp B Oymer MovB. B cocrosauun XCHG
npousoiiner obmen coxaepxkumoro B peructpax A u B. Ilocne
3TOr0 aBTOMar Bo3Bpamaerca B cocrosHue INST wu uyuraer
CIIEAYIOIIYI0 MHCTPYKYIMIO INStr u3 mamstu. B cocrosaun ALU
koa Ha muHe instr 11 9 BeIOMpaeT JOrHKO-apr()METHUECKYIO
omepanuio, Kotopas Oyaer BeimosiHeHa B AJIY. B cocrosHmsx
RegA u RegB mpoucxoauT 3arpyska JaHHBIX B peructpsl A u B ¢
BxonHoro nopra. VHDL onmcanue npoekTupyeMoro aBTomara c
UCIIOJIb30BaHUEM JBYXIIPOIECCOPHOrO IA0IIOHA TMOKAa3aHO HUKE
(mpumep 2):

ARCHITECTURE behave OF Control IS

-- Definition of the state names

TYPE state_type IS (Inst, Readlnst, MovA, MovB, XCHG, ALU, JUMP,
RegA, RegB);

SIGNAL state, next_state : state_type;

Signal control_signal: std_logic_vector(15 downto 0);

BEGIN

-- State process

PROCESS(clK, rst)

BEGIN
IFrst="1'THEN
state <= Inst;

ELSIF clk'event and clk="1' THEN
state <= next_state;

END IF;

END PROCESS;

-- Logic Process

PROCESS(state)

BEGIN

CASE state IS

--Instruction

WHEN Inst =>
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control_signal <= "0000000010000000"; -- 128(D) NOP
num_state <= "0000";

instr_en <="1";

next_state <= ReadInst;

--Read Instruction

WHEN ReadInst =>

control_signal <= "0000000010000000"; -- 128(D) NOP
num_state <= "0001";

instr_en <="0";

IF instr_15 12 ="0000" THEN next_state <=MoVA;
ELSIF instr_15 12 ="1000" THEN next_state <=ALU;
ELSIF instr_15 12 ="1001" THEN next_state<=RegA;
ELSE next_state <= JUMP;

END IF;

--MovA

WHEN MovA =>

control_signal <= "0000000010000001"; -- 129(D) MOV A xx
next_state <= MovB;

num_state <= "0010";

instr_en <="0";

--MovB

WHEN MovB =>

control_signal <= "0000000010000010"; -- 130(D) MOV B,xx
next_state <= XCHG,;

num_state <="0011";

instr_en <="0";

-- XCHG

WHEN XCHG =>

next_state <= Inst;

num_state <= "0100";

instr_en <="0";

control_signal <= "0000000010001001"; --137(D) XCHG A,B
-ALU

WHEN ALU =>

instr_en <="0";

num_state <="0101";

IFinstr_11 9="000" THEN
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control_signal <="0000000010000011"; -- 131(D) ADD A,B
next_state <= INST,;

ELSIF instr_11 9 ="001" THEN

control_signal <= "0000000010000100"; -- 132(D) SUB A,B
next_state <= INST,;

ELSIF instr_11 9 ="010" THEN

control_signal <="0000000010000101"; -- 133(D) AND A,B
next_state <= INST,;

ELSIF instr_11 9 ="011" THEN

control_signal <="0000000010000110"; -- 134(D) OR A,B
next_state <= INST;

ELSIF instr_11 9="100" THEN

control_signal <="0000000010000111"; -- 135(D) XOR A,B
next_state <= INST;

ELSIF instr_11 9 ="101" THEN

control_signal <= "0000000010001000"; -- 136(D) DEC A
next_state <= INST,;

END IF,;

--RegA

WHEN RegA =>

next_state <= RegB;

num_state <="0110";

instr_en <="0";

control_signal <= "0000000010001010"; --138(D) MOV A indata
--RegB

WHEN RegB =>

next_state <= INST;

num_state <="0111";

instr_en <="0";

control_signal <="0000000010001011"; --139(D) MOV B, indata
--JUMP

WHEN JUMP =>

control_signal <= "0000000010000000"; --128(D) NOP
instr_en <="0";

num_state <= "1000";

IF instr_15 12 ="0001" THEN next_state <= MoVA,

ELSIF instr_15_12 ="0010" THEN next_state <= MovB;
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ELSIF instr_15 12 ="0011" THEN next_state <= ALU,;
ELSIF instr_15 12 ="0100" THEN next_state <= XCHG;
ELSIF instr_15 12 ="0110" THEN next_state <= RegA,
ELSIF instr_15 12 ="0111" THEN next_state <= RegB;
ELSE next_state <= Inst;

END IF;

END case;

END process;

ip <= control_signal,

END behave;

[Ipumep 2. @parment koma s3bika VHDL  ympanstomiero
aBToMara

CunxponHoe AJIY  BBINOJHSAET  pas3IdYHbIC  JIOTHKO-
apuMeTHYECKHEe ONepallii HaJ ONEPaHIaMH, 3HAYCHHS KOTOPBIX
COXpaHSIOTCS B perucrpax-samienkax A u B. B stom Omoke
peanu3oBaHbl crneayrome komanasl (komauasl JMPZ, CALL, RET
HE IOJJCPKUBAIOTCS, 100aBJICHBI JIBE€ HOBbIE KOMAH[bI C KOJIOM
1546(D) (MQOV A indata) u 1547(D) (MOV B,indata) mis 3arpysku
POH A u B c Bxoanoro mopta): Mov A xX; Mov B,xx; XCHG
A,B; ADD A,B; SUB A,B; AND A,B; OR AB; XOR A,B; DEC
A; Reg A; Reg B (mpumep 3).

signal regA,regB,indata: std_logic_vector(7 downto 0);
BEGIN
PROCESS (clk,res)
BEGIN
regA<=a,;
regB<=b;
indata<=input;
if (res ='1") then
regA <="00000000";
regB <="00000000";
elsif (clk'event and clk="1") then
case conv_integer(cmd) is
when 1024 to 1279 => regA<=cmd(7 downto 0); enaa<="1"; enab<='0"
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when 1280 to 1535 => regB<=cmd(7 downto 0); enab<="1"; enaa<="0";
when 1537=>regA<=regB; enaa<='1"; enab<="0";

when 1538=>regB<=regA; enaa<='0"; enab<="1";

when 1539=>regA<=regB; regB<=regA;

enaa<='1"; enab<="1";

when 1540=>regA<=regA+regB; enaa<="1"; enab<='0"
when 1541=>regA<=regA-regB; enaa<='1"; enab<="0";
when 1542=>regA<=regA and regB;

enaa<='1"; enab<='0";

when 1543=>regA<=regA or regB;

enaa<='1"; enab<='0";

when 1544=>regA<=regA xor regB;

enaa<='1"; enab<='0";

when 1545=>regA<=regA-1; enaa<='1"; enab<='0';
when 1546=>regA<=indata; enaa<="1"; enab<='0"
when 1547=>regB<=indata; enaa<='0"; enab<="1";
when others=> dataa<=regA,; datab<=regB;

enaa<='0"; enab<='0";

end case;

end if;

dataa<=regA,; datab<=regB;

end process;

[Tpumep 3. @parmenT koja a3bsika VHDL 610ka AJTY

Ha puc.4.36 mokazaHa cxemMa MMKpPONPOLIECCOPHOIO sjipa ¢
KOHBEHEPHOU apXUTEKTYPOH. B [IEPBOM COCTOSIHUH
VIPABJISIONIETO aBTOMAaTa MPOUCXOAUT YTEHHE HHCTPYKIIMH W3
[13Y (instr[15..0]) u Beigenenue u3 Hee moneit — instr_15 12[3..0]
u instr 11 9[2..0]. Anpec »5Toil HMHCTPYKIMH JUIsi aBTOMara
dopmupyer cuetunk (mumHa PC[15..0]), mpubasnsrommuii 1 k
MpebIIYIIEMY aapecy, KOrjia aBTOMAT BBIMOJHUT LUKJI KOMaHJ U
BepHeTcs B coctosHue INST. ABTOMAT mjs KaXkIOro CBOETo
COCTOSTHUS BBIpA0ATHIBACT aJpec HYKHOW KOMaHIbI XpaHs;Iencs B
[13Y mnporpamm (munHa ip[15..0]) ¢ mOMOIIBI0 OUTOB KOHTPOJIS
(curnan control_signal). Drta komaHAga MO IIMHE KOMAaH]
cmd_out[15..0] nepenaercs B AJIY, rue BbINONHSETCS TpeOyemas
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orepanusi, pe3yJibTaThl MOMEIaTcs B peructpsl. Cxema umeer 2
peructpa (BOCBMHpA3psAHBIA PErHUCTp — 3alleNKy) O0OIIero
Ha3HaueHuss A u B, manuble u3 KOTOpPBIX mnomnanarT B AJIY mis
BBITMIOJTHEHUS CIIEAYIOUIeH onepauu.

Ha puc.4.37 npuBeneHsl BpEeMEHHBIC aHAarpaMMbl paOOThI
MUKPOIPOIIECCOPHOTO  siipa. B HavaabHOM  COCTOSTHUU
ynpasisroriero aBromara (INST) nmpoucxoauT 3anuch HHCTPYKIIUHA
B On0K BbImeneHus mosei (61ok instreg) u u3 II3Y mporpamm
nu3Bnekaercss komanma NOP ¢ xogom 0, mpu KOTOpoil HeT
omneparmii. C npuxogoM mepeaHero (ponTta cuuxpocurHaiga Clk
aBTOMAaT TMepekiarodaetcss B cocrosuue ReadInst, B koropom
YUTAETCS TOJY4YeHHass HWHCTPYKIUS M BbIOUMpaeTcs cleayrolee
COCTOSTHHE.

Bo BTOopoMm cocTtosiHuM BbIMOJHSETCS komaHga Mov A,XX,
KOTOpasi 3arpy’kaeT B perucrp A 3HaueHUe, 3aJaHHOE MIIAJLINM
Oaiftom komauzasl. U3 TI3Y mporpamm Obuta monydeHa KoMaH7a
48D(H) (1165(D)) u B peructp A 6but0 3arpyxkeno uucio 8D(H)
wi 141 B pecaruuHoii cucteme. CormacHo cxeme Ha puc.4.35
CIIEeyIOIIee COCTOSTHUE, KOTOPOE MMPUHUMAET aBTOMAT — COCTOSTHUE
Homep 3 (MovB). B aToM cocrostHum BeimonHsieTcss komanaa Mov
B,xx. Komanma 3arpyxaer B peructp B 3HaueHue, 3amaHHOE
MIaamuM 6aiiToM KomaHabl. TecTupoBaHHe KOMaHIbl MEPECHUIKU
Mov B,xx mnokazano Ha puc.4.37. U3 II3Y Opima momydeHa
komanga 54E(H) u B peructp B 65110 3arpyxeno uucno 4E(H) niu
78 B necarnyHod cucreme. CormacHo cxeme Ha puc.4.35

crnenyromee cocrosHue aBtomara - XCHG. M3 TI3V Obuia
u3pneueHa komanaa 603(H) u peructpst A u B oOmensumch
3HaueHusiMu. [Ipm stomM Ha mmmax instr 15 12 = “0000” wu

instr_11_9 = “000”.
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Kon xomaugsr ADD — 604(H) wmu 1540(D). Ilpu stom Ha
mmHax instr 15 12 = “1000” a instr 11 9 = “000”. 3xaucHus
peructpoB A u B ObLIM CIIOKEHBI, U PE3Y/bTAT IOMEIIEH B PETHCTP
A. Komauma SUB A,B BbelmonHMIa BBIYMTAHWE 3HAYEHUI B
peructpax A u B, pesynbraTr nmomeieH B peructp A (Ko7 KOMaH/bl
— 605(H)). Komanmma AND A,B, BbImonHsroIIas OIEpaIHio
nobutHOro joruyeckoro M 3HadeHwmii B peructpax A u B, Taxke
nokazana Ha puc.4.37. Komanga moruueckoe U ¢ xogom 606(H)
pabotaet BepHO. Pe3ynbTaT KOMaH/IbI ObUT MMOMEIEH B PErucTp A.
Komanna norumueckoe MWJIM ¢ xomom 607(H), BeImONHSIET
omepanuto mobutHoe ioruueckoe MJIM (komanma OR A,B).
Pesynbrar BbIOMHEHUS KOMaHAbl IIOMEIIEH B perucrp A.
Komanma XOR A,B BremmoiHAET IIOOMTHOE  JIOTHYECKOE
uckimouvaromiee MJIM 3nauennii B peructpax A u B. Pesynbrar
nometieH B peructp A (kox 608(H)).

Oco0eHHOCTHIO Pa3pabOTaHHOTO MUKPOIIPOLIECCOPHOTO SApa C
KOHBeHepHOU ApPXUTEKTYpPO SBIISIETCS UCIOJIb30BaHUE
VIIPaBJISIONIETO aBTOMAaTa M HalW4yhe ABYX OJIOKOB MaMATH: JUIS
XpaHEHUs KOMaHJI U IS XpaHEHUs MHCTPYKLUUU YIPaBISIOLIETO
apromara. [Ipu »stom AJIY BBINOJNHSAET TOJBKO JIOTHKO-
apu(pMeTHUeCKUe OIepaluy, a NpPbDKKOBbIe KoMmaHbel Tuna JMP
peanusyeT ympaBisomui aBromar. [IpoekT Mukpormpoieccopa Ha
sa3pike VHDL  wmoxer ObiTh ycmemno pasmemien B ITJIMC
APEX20KE (EP20K160EB356-1), mpu »3Tom oOllee YHCIO
3aJeiicTBOBaHHbIX pecypcoB coctasisier 70 %, c¢ paboueit
TaKTOBOU yacToToi 10 33 MI'1.
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4.7. Ucnoan3oBanue pecypcos IIJIMC Stratix 111 ¢pupmbr
Altera npu NpoeKTHPOBAHNU MHKPOIPOIECCOPHBIX sIIeP

B nmaHHOM pasnene paccMaTpuUBaeTCs HCIOJIb30BaHHE
pecypcoB IIJIMC Stratix Il mpu mpoexTHpOBaHMH pa3IHYHBIX
BapHaHTOB MHKPOIIPOLIECCOPHOTO SiApa, CHUCTEMa KOMaHA |
YOpaBJSAIONIMKA aBTOMAT B3SATHl U3 pazjaena 4.1. PaccmarpuBarorcs
BApUAHTBI:  YNPaBJSIIOIIUK  aBTOMar U cuHXpoHHoe [I3Y
paspaborannsl Ha s3bike VHDL nnsa peanmmszanuu B 6aszuce [TJINC
APEX20KE (EP20K30ETC144), BapuanT 1; MEUKpPOIPOLIECCOPHOE
A0pO AN BBIUMCICHHM € (UKCHUPOBAHHOW 3allATONl B cHUCTEME
Matlab/Simulink, kox s3pika VHDL monydeH ¢ mnpuMeHEHHEM
Simulink HDL Coder, BapuauT 2; ymnpaBisiolldii aBTOMaT M
cuaxponnoe I13Y na s3ke VHDL B 6asuce TIJIMC Stratix I
EP3SL50F484C2, BapuanT 3; ympaBisiOlIMi aBTOMAT Ha SI3bIKE
VHDL u wmeradynkius cunxponHoro [I3Y RAM: 1-PORT B
6azuce ITJIMC Stratix Ill, Bapuant 4; ymnpaBisiOIIUA aBTOMAT
CO3JJaHHBIN c [IPUMEHEHUEM MIPUIIOKEHUS StateFlow
Matlab/Simulink u acuaxponnoe I13V, kon si3pika VHDL nonyuen
¢ npumenennem Simulink HDL Coder B 6a3uce ITJIMC Stratix 1l
EP3SL50F484C2, Bapuanrt 5 (1abn.4.4).

Hcnonezyemsr pecypest [TJIMC Stratix 111 EP3SL50F484C2
u [TJIMC APEX20KE EP20K30ETC144 noxka3ansl B Tadnuite. 13
aHanM3a TaONWIBI MOXXHO CJieJaTh BBIBOJBI, YTO pa3IUYHbBIE
BapUaHThl MMKpPONPOLIECCOPHOTO siipa 3aHuUMaroT MeHee | %
ucnonszyembix pecypcoB [IJIMC u Gonee uem B Ba paza Ooublieit
TAKTOBOM wyacToTe ueM Impu peanusanuu B Oasuce [IJIMC
APEX20KE.

Bapuantel 1, 3 u 4 Haubonee cX0XHU MEXIy COOOH, T.K.
0a3upyloTCs Ha OJHOM BapuaHTE YIPaBISAIOLUIETO aBTOMAaTa.
Bapuantet 2 u 5 OasupyroTcs JUIIb HAa CHCTEME KOMAaH]I.
Bapuantel 1, 3 u 4 3aneiCTBYIOT OJIMHAKOBOE KOJUYECTBO
TpurrepoB (33 Tpurrepa), a IO YHUCIY YIAKOBaHHBIX JJIEMEHTOB
komOuHarmonHou joruku [TJIMC Stratix 1l npesocxomsar TTJINC
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APEX20KE wu o0ecreuynBalOT BBIMTPHIN 10 OBICTPOACHCTBHUIO
MUKPOIPOIIECCOPHBIX SIIIEP.

Haunbosee ynmauHbelii BapuaHT 1O OBICTPOJCHCTBHIO —
BapaHT 3, a 1o (YHKIHOHAIBHOW CIOKHOCTH, KOTOpas
oOecrieunBaeT psij MPEUMYIIECTB, TaKUe KakK MoJaepkKa gopmaTa
¢ (QUKCHUPOBAaHHON 3amsATOW ©  paclpeaescHHas CUCTeMa
ynpaBiieHusi OjlokaMu Tporieccopa — BapuaHT 2. Bapuant 2 He
UCIONIBb3YyeT OJOKM BCTpOoeHHOW mnamsATu. CHpaBeasuBOCTH paau
ClelyeT OTMETUTD, YTO JIaHHBIE MPUMEPHI HE MO3BOJISIIOT B MOJIHOMN
Mepe OLEeHHTh Hcnonb3yembie pecypest [IJIMC Stratix I, T.k.
MPOEKTHI CIUIIKOM Mallbl M TO3BOJISIOT MAaKCHMAJIbHO 3arpy3uTh
[JINC.

Bapunant 2  nambonee  ONM30K K  apXUTEKType
MHKporporieccoproro siapa PicoBlaze, mist peanuszanuu B 6asuce
ITIJIUC Spartan 11, Virtex (puc.4.38) u siBIsieTCs1 €ro YIPOIIEHHON
BEPCHUEN.

BapuaHT 2 cocTout U3 crieayromux 6JI0KOB: yIPaBISIFOIIHA
aromar (6mox CPU_Controller); mamstes mnporpamm - II3Y
nporeccopa (6ox Memory); AJIY mpoueccopa (6mok alu); aByx
peructpoB obmero HasHauenuss (POH, Omoku RegisterA wu
RegisterB); peructpa cmemumanbHoro HasHauenus (PCH),
BBHIMIONHSIONIEr0 ponib creka (6mok PC_INC); cuetdunka komaHf
(6;10k PC); peructpa unctpykimii (6;10k Instruction_Reg).

ApxuTeKTypa MHKpoMpolieccopHoro sapa  PicoBlaze
OCHOBaHa Ha KOHIICTIIIMM Pa3/eibHBIX IMUH JAaHHBIX W KOMaH]
(rapBapackass WM JABYXIIUHHAs apxuTektypa). [lamsare s
XpaHEeHUs JAaHHBIX W TMaMaTh Ui XpPaHEHHUS MPOTrPaMMBbI
pacrmoiaralTcs B pa3HbIX MECTaX, JAOIMYyCKas MOJTHOE COBMEIIECHUE
BO BPEMEHHM OIEpaluii BBI30BA KOMAHIbl M3 TAMSITH €€
BBITIOJTHEHMS, YTO TO3BOJSET JOOUTHCS BBICOKOH CKOPOCTH
BBITIOJTHEHUS omnepanuidl. BapwaHTbl MHUKpPOMPOIECCOPHBIX sIIEP
(BapuanT  1-5) YCIOBHO  XapakTepU3YIOTCS  OJHOIIMHHOM
CTPYKTYpOH, T.K. B pacCMaTpUBaeMbIX BapHaHTaX OTCYTCTBYET
MaMsTh JaHHBIX.
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L0V

Tabnuua 4.4

Hcnonb3yemsl pecypest ITJIMC Stratix 111 EP3SL50F484C2 u APEX20KE EP20K30ETC144

Stratix 111/ Yupapasiouu Muxkponpo- Yupapasio- | Ynpapiasio- | YnpaBisiiouH
APEX20KE il aBTOMAT M LECCOPHOE SIAPO LM 1Mt i aBTOMAT
CHHXPOHHOE s aBTOMAT M | aBTOMAT Ha CO3/IaHHBII ¢
II3Y Ha s3pIke | BBIYHCJIEHHI ¢ | CHHXPOHHO fI3bIKe NpUMeHEeHHeM
VHDL ¢uxcupoannoii | e I3Y na VHDL, StateFlow
APEX20KE 3anAToM sizske VHDL | wmeragyn- Matlab
EP20K30 Matlab/ Stratix 111 KISt /Simulink u
ETC144 Simulink EP3SL50 | CHHXpOHHOr | aCHMHXPOHHOE
Stratix 111 F484C2 o I3y M3Y Ha s3bike
EP3SL50 RAM: VHDL
F484C2 1-PORT IJIUC Stratix
Stratix 11 111 EP3SL50
EP3SL50 F484C2
F484C2
1 2 3 4 5 6
Bapuant 1 2 3 4 5
Combinationa 116 201 111 106 103
| ALUTS/LUT
7 BXxonoB/4 101 8 0 0 1
6/3 9 22 6 22 13
5/2 23 45 25 45 29
4/1 16 29 49 15 27
<=3/0 0 97 31 24 33
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80%

4.4

[Iponomxkenue TadI.
1 2 3 4 5 6
PexnMbl padoThI
ALUTS:
normal mode - 158 94 89 85
extended LUT mode - 8 0 0 1
arithmetic mode - 26 17 17 17
shared arithmetic - 9 0 0 0
mode
Total registers/LC 33 93 33 33 59
Registers
ALM/LC 149 119 61 58 64
Memory Bits 1536 (6 0 0 4096 (< 1 %) 0
(1880064)/ %)
(24576)
MakcuMajabHas 73.84 318.57 327.98 245.64 275.33
TAKTOBas YacTOTA, (Slow (Slow (Slow (Slow
MI'q 1100 mV 1100 mV 1100 mV 1100 mV
85C 85C Model) 85 Model) 85C Model)
Model)
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MukpomnporeccopHoe siapo PicoBlaze conepxur 16 BocsMu
- pa3psAIHBIX perucTpoB Bxomasmue B 6ok POH (B Bapuante 2 ux
nBa), 8 paspsaHoe AJIY, peructp craryca u peructp ukcanuu
(daroB mpu BHIOJHEHUH 0OpaOOTKHU MpEephIBaHMK (B BapuaHTe 2
OTCYTCTBYIOT), MpPOTPaMMHBIM  CYETYHK, OJOK  yIpaBiIeHUS
BBOJIOM/BBIBOJIOM (B BapHaHTE 2 OTCYTCTBYeT), cTek (15 ypoBHEi, B
BapHaHTe 2 CTeK OpraHu30BaH Ha peructpe R), cxema ymnpaBieHUs
npepeiBaHUsIME (B BapHaHTE 2 OTCYTCTBYET), OJIOK YIpaBICHHS
BBIOOpOM azapeca cieaymoolled KoMaHAbl (B BapuaHte 2
orcyrctByer), Aemudpatop komana u [13Y Ha ocHoBe 6i0uHOI
namsitu [TJIMC Block SelectRAM.

Bapuant 2 nmopnep)kuBaeT JMIIb HECKOJIBKO KOMaHa U3 3
rpynn komauna sapa PicoBlaze (Bcero 6 rpymm: 1 rpymma -
KOMaH/bl, YIPaBISIONIME IOCIEI0BATEIbHOCTHIO BBITOTHEHUS
ormepanuii B mporpamMme M KOMaHAbl 00pabOTKHU MOIIpOrpamwm,
nanpumep, JUMP, CALL, RETURN; 2 rpynna — noruyeckue
KOMaHIbl, Harpumep, nopaspsanoe ymHoxkenue AND; 3 rpynmna —
apuMeTHUeCcKue KOMAaH[bl, HalmpuUMep, KOMaHJa MONy4YeHHS
CyMMy JABYX omnepanaoB 0e3 ydera nepenoca ADD; 4 rpymma —
KOMaH/bl CIIBUTA; 5 Tpymma - KOMaHbl BBOJA/BbIBOA; 6 Tpymmna —
KOMaH[bl s oOCmyxuBaHUsl mpepbiBaHuii). Sapo PicoBlaze
noJ/iep>kuBaeT Bcero 49 Komas]l, BpeMs BBIIOJHEHHMS KOMaHH -
nocrosHHoe. B T1abn.4.5 m T1abn.4.6 s cpaBHEHMs IIOKa3aH
dopmar komaun nepexogoB JUMP siipa PicoBlaze u Bapuanra 2 ¢
cucTeMoit koMaHy u3 paszena 4.1. Snpo PicoBlaze monnepxusaer
1 Ge3ycinoBHYIO U 3 YCIOBHBIX KOMaHJ MepexooB. B Bapuante 2
U3 3a OTCyTCTBUS pa3Butoro AJIY (Hanmpumep, HE IPELYCMOTPEHBI
apu(pMeTHUeCKHe KOMaHAbl C Y4YeTOM IepeHoca/3aemMa U Jp),
perucrpa craryca M OJioKa yIpaBlIeHHs BbIOOpa CIEIYIOLIETO
ajzpeca, MOJJEPKUBAETCS JHIIbL OJHA KOMaHJa Imiepexoaa C

ycnosuem JMPZ.
TpaccupoBounas apxutekrypa MultiTrack, ucnonb3yemas
B [IUIMC Stratix Ill, obecnieunBaeT CBsI3b MEXAY pa3IUYHBIMU

KJIaCTCpaMu JJOT'MYCCKUX DJIEMCHTOB u XapaKTCPU3YCTCA
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omnpeneeHHbIM KonrdecTBOM mmaroB (NOp), HEOOXOMUMBIX IS
TOro, 4roOnl coenuHuTh omuH LAB ¢ apyrum. Uem wMeHbIe
KOJIMYECTBO IIaroB W TMpeICcKazyeMee MOJEeNb TPACCUPOBKH, TEM
BBIILIE€ MPOU3BOAUTEILHOCTD U JIeTYe ONTUMU3ALMS apXUTEKTYPHI C
noMouipto uHcTpymentoB CAIIP.

Appec nopta
5 8 g EEopa/EwiBofa
NOK PEFHCTROR L |
oﬁu.LeroF:iaaHafeHun T 7| Bnox ynpasnesus —* PORT_ID[0]
» sonom/sesonomM - RED STROBE
3 sF s —® WRITE_STROBE
> SE 5? ; BrixoaHbie nadHbie
g 5
Bxonbie ganHse < ) »  OQUT_PORT[7:0]
3
s sB s3 i
IN_PORT[7:0] sA s2 >
59 sl ]
58 s0 » ATTY
WuHa »
KOMaKa —p
8 MNamate 16 A
N - - 7—» Bnok —» r
DEWHDPoBKKY  —P» ZERO CARRY “
LK 256x16 EEEHE?— Komasn ‘ lgp|  PerHcTp thkcaumii
But I Pervcrp [ thnaros npu
craryca NDEPBIBAHKSX
T -
BKTOBBIH CHIHAN . \
Mpepeianwe | Cxemaynpasnemna Brok o [porpammubid
INTERRUPT NpepsIBaHKAMA ynpasneHms ¥ CUBTYMK
seibopom Y
nl  Chefyrero
aswibopa A 4
Anpec
KOMaHgb! \—D Crek
ADDRESS[7:0)

Puc.4.38. Apxurektypa MEKpoIrporieccopHoro siapa PicoBlaze,
i peanu3anuu B 6azuce [IJIMC Spartan |1, Virtex
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Taomuua 4.5

dopmat koman bl iepexooB JUMP mukporporieccoproro siapa PicoBlaze

IToste koxa onepanun IMone agpeca nepexonoB MHueMoHUK Bruimosnsiemast
a onepanus
0 0 X X AlA A A A |A JUMP aa | Be3ycioBHbIii
nepexoj
0 1 0 0 AlA A A A |A JUMP Ilepexon npu
Zaa yciioBuH, 4to duar
ZERO Flag
HaXOAUTCH B
YCTaHOBJIEHHOM
COCTOSIHMH
0 1 0 1 AlA A A A |A JUMP Ilepexon npu
NZ,aa YCJIOBHH, 4YTO (iar
ZERO Flag
HaXOAUTCH B
cOponIeHHOM
COCTOSIHMH
0 1 1 0 AlA A A A |A JUMP Iepexon npu
C,aa yciioBuu, 4to duar
CARRY Flag
HAXOHUTCH B
YCTaHOBJIEHHOM
COCTOSIHMH
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444

1 0 |0 1 1 1 AlA A A A AIA JUMP Iepexon npu
NC,aa yciioBuH, 4to duar

CARRY Flag
HAaX0AUTCH B
cOponIeHHOM
COCTOSIHMA

15 |1 |13 |12 |11 |10 6 4 |13 |2 1 | 0 | Homep pa3psiza KoMaHIbI

4
Tabnuna 4.6
dopmaT KOMaHbl IEPEXOI0B pOIIPOLIECCOPHOTO sIIpa, BApUAHT 2
Ilose kona onepauuu IMosne agpeca nepexonos MHe- Brinosnnsiemast
MO- onepauus
HHUKA

00 AAIAIAIAIAA JMP | Be3yciaoBHbIii
nepexoja mo aapecy,
3aJaHHOMY
MJIAAIIUM  0aliTOM
KOMaH/IbI

00 AAIAIAIAIAA JMPZ | Ilepexoa mo aapecy,
3aJaHHOMY
MJIAAIIMM  0aliTOM
KOMAaH/IbI, ecJan
coep:KumMoe
peructpa A paBHO
HYJII0
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|15 /14|13 1211109 |8[7]6]5]4]3]2]1] 0] Homeppaspsnakomanasi
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ApXUTEKTYpa TpaccupoBku Mexcoeaunenuit MultiTrack
obecrieunBaeT OONBIIYIO JOCTYITHOCTh KO BCeM OKpyxatomum LAB
C TOMOIIIBI0 MEHBILIET0 YUCIA CBSA3EH, YTO MO3BOJSET YBEIUYHUTD
MIPOU3BOIUTENILHOCTbD, CHU3UTH 3HEpromnoTpedieHue u
ONTHMHU3UPOBATh YMakoBKYy Jioruku. Ha puc.4.39 paznuunHbiMu
BeTaMU (TEMHO-CUHHUN M CHHUN) T[OKa3aHO YHCIO IIaros,
TpeOyromuxcst aia coenuHeHus: LAB (cHOcka), ¢ OKpy)KalOIUMH
LAB nans peanu3anuu MHUKPOIIPOLIECCOPHOTO sIpa MO BapUaHTY 2.
Takum obOpaszom, TpaccupoBka 10 Bcex LAB BremonHsercs 3a Ba
niara.

[TomynsapHoe  MuKporpolueccopHoe  siapo  0C_oc8051
(MuxpomnporeccopHoe  sapo 8051 ¢ caiiTa He3aBHCHMBIX
pa3paboTunkoB Ha HHTepHET pecypce OpenCores) mMoxkeT ObITh
sarpyxero B ITJIMC Stratix [l EP3SL340 85 pas. IIpu stom st
peanuszanuu  siapa  0C_0c8051 Tpebyercs 4115 normueckux
snementoB. OO6miass emkocte I[IJIMC Stratix [ EP3SL340
cocrasisiet 337.5 K nmormueckux asmementos. ITJIMC Stratix 111 B
cpeniem Ha 35 % Obictpee IIJIMC  Virtex-5, mnpoekTs
KOMIWIMPYIOTCS B TpHU pa3a ObIcTpee, YeM MpH KOMIWJISIUU B
I[UIUC Virtex-5, a xod(hQUIMEHT 3aloJHEHUs] KpUCTaaia B
cpenHeM paseH 95 %. Mukpomnpoueccoproe sipo PicoBlaze
3aneiictByer 9 % noruueckux pecypcon I[TJIMC XC2S50E u 2.5 %
[TJINC XC2S300E.
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Puc.4.39. Tpaccuposounsie pecypesl ITUC Stratix 111 EP3SL50F484C2 3aneiicTBOBaHHbBIC MTPU
peanu3a MUKPOIIPOLIECCOPHOTO S/Ipa 10 BapUaHTY 2



4.8. [IpoekTHpOBaHHE MUKPONPOIECCOPHBIX sijiep
¢ MCNO0JIb30BaHKEM NpuiaokeHus StateFlow cucrembl
Matlab/Simulink

3amMeHuM omnucaHue ympasisroniero aBromara (M-daiin,
Tabs.1) MHKPOIPOLECCOPHOrO SiApa BHU3yalbHO-TpadUUECKUM
aBToMaroM (rpad mepexoAoB) TOCTPOEHHBIM C IOMOIIbIO
npuiaoxenus  (maker  pacmupenus) — StateFlow  cucrtemsr
Matlab/Simulink. Tanee ¢ momomipio npunoxkenus Simulink HDL
coder crenepupyem koa s3bika VHDL u peanusyem Mojenb
mukpornporieccopa B 6azuce ITIJIMC Stratix 11l EP3SL50F484C2
dupmbr  Altera. OTiIHYUTETIBHOH OCOOCHHOCTBIO JTaHHOTO THIIA
[UIUC cemeiictBa Stratix |l siBasiercs cTpykTypa mnamsitu
TriMatrix ¢ pabounmu TakTOBBIMH dYacToTamu 10 600 MI'm,
koTopas cogepxut 108 6:10k0B mamsatu tuna MIK (emkocTs Gi10ka
9216 6ut), 6 6mokoB namsaru turna M144K (emkocte 147456 6wur)
u 950 6mokoB mamsatu MLAB (emkocts 320 6ut). O0umii o0bem
BcTpoeHHoit mamsatu O3Y 1.836 Ko6ut, 47.5 K noruueckux
anemenToB (LE), 19 K amantuBHbIX norndeckux moayiei (ALM),
KOTOpbIe CHOCOOHBI paboTaTh B pa3nuyHbIX pexumax u 38 K
TPUTTEPOB.

B T1a6n.4.7 npusenen M-¢aitn u ko ympaBIisOLIETo
aBToMaTa Ha sizbike VHDL. M3 1abn.1 BugHo, urto mo M-gaitny
CT€HepUpPOBaH ACHUHXPOHHBIH ugpoBon aBTOMAaT c
MCII0JIb30BAHUEM JBYX OIIepaTOpOB BbIOOpa CASE,
NpEeCTaBIAIOMNN 13 ce0s1 KOMOMHALIMOHHBIN Jemudparop.

[Mporieccop coctouT w3 cuenyrommx 010koB (puc.4.40):
ROM - TI3Y komann mpoueccopa (mamare nporpamm); COP —
050K BBIZETICHUS ToJiell KoMaHab! (nemudparop komana); ALU —
8-pazpsanoe AJIY mpoueccopa (ynpasnstomuid aBromat); RON —
OJIOK PerucTpoB OO0IEro Ha3HaueHus (8-pa3psaHble PETUCTPB A U
B); RSN — 0ok perucTpoB CcrenuaIbHOTO Ha3HA4YeHHs, 8-
paspsanbiii  peructp R (ctek  komaHm) mns obecrieueHUs
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BBITIOJIHEHHST KoMaH[ oOpamieHust k moamnporpammam (CALL) u
Bo3Bpara (RET) u 8-paspsguwiii peructp Ip (mns XxpaneHus
3HaYCHMK cueTuynka Komanna). Ha pwuc.4.40 Taxke mokazaHa
TECTOBasl Mporpamma (cucreMa KOMaHA M cojJepkumoe aiina
npomuBku [13Y Takoe ke, kak u B paszaene 4.2)

Jst moctpoenns [I3Y wucnonb3yercss (yHKIMOHATBHBIN
ook Lookup Table (tabamma coorBercTBusi). Bce curnansl B
npoiieccope mpezacrasiensl B ¢dopmare uint8 (Unsigned integer
fixed-point data type, mensle umciaa Oe3 3Haka B (opmare ¢
(buKCUpPOBAaHHOM 3amAToOM, ¢ 8-MU OMTHON IIMHON) KPOME KOMaH]]
(curnanel cmd u INCmd), onu nipeacrasnens! B popmate uintl6.

YropaBnsomuid aBTOMaT MUKpPOIpoIieccopa pa3padoTaH ¢
nomoineio npuinoxenus StateFlow (puc.4.41). StateFlow siBnsercs
UHTEPAKTHUBHBIM  HUHCTPYMEHTOM  pa3paboTKu B 00JacTu
MOJICJIMPOBAHUS CIIOKHBIX, YIIPABISIEeMbIX COOBITUSIMU cucTeM. OH
TecHO uHTerpupoBan ¢ Matlab u Simulink u ocHoBaH Ha Teopun
KOHEYHBbIX aBTOoMaToB. Jluarpamma StateFlow - rtpaduueckoe
Mpe/ICTaBICHHEe KOHEYHOTO0 aBTOMAaTa, € COCTOSHUS U MEePeXO0/Ibl
dbopMupyroT 0a30Bble KOHCTPYKTHUBHBIE OJIOKM TPOEKTUPYEMOM
CUCTEMBI.

StateFlow-aunarpamMa nocTpoeHa U3 OTAEIBHBIX OOBEKTOB,
TaKUX KaK COCTOSIHHE, TEPeXoJl, MepexoJ MO YMOIYaHWIO U Jp.
CoctosiHMe - YycloBHS, B KOTOPBIX MOJEIUpyeMas cucrema
npeObIBaeT HEKOTOPOE BpeMsi, B TEUEHHE KOTOPOTo OHa BeseT cels
OJIMHAaKOBBIM 00OpazoM. B jamarpamMMe mepexojoB COCTOSHUS
MPEJICTABICHBl MPSIMOYTOJIBHBIMU TIOJSIMH CO  CKPYTJICHHBIMHU
yrnamu. Hampumep, cocrosane COMM  sBnsercs poautenem
cocrossauit MOVAB, RET, MOVBA, XCHG, ADD, SUB, END,
OR, XOR, DEC. Ha pwuc.4.42 noka3aHpl BpeMEHHBIC JHArpaMbl
paboTbl  MOJENH MHKPOIPOIIECCOPHOTO  siipa B CHCTEME
Matlab/Simulink, A, B, R, IP — BBIXOABI COOTBETCTBYIOIIUX
peructpos POH u PCH.
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LTy

TestProgramm:

0: MOV AA

1. MOV BT
2 CALLS

3 MOV B8
4. MOV AZ
B MOV AZ
8 MOV A4
7. ADDAB

8 MOVAS
9 MOV AT
10: RET

DEC HEX

1025 401

1287 511

773 208
1288 512
:gf-‘i :g; — OutCmed
ra . "
1028 404 DutDatz
1540 B04 'n_
1020 408 EoF
10231 407
1536 800

Command cmd

ROM

Ind&  OutA

YY Y YUY Y

InB  OutB

01zocH
02mocH

0%oxH  7E8-1023  CALL
OdcH 10241279 MOV Ao InR Outh.
0SixH  1280-1537 MOV Boo

06800H 1526
0801H 1537
0802H 1538
0802H 1529
0804H 1540
0805H 1541
080EH 1542
0807TH 1542
080EH 1544
0808H 1545

NOP T — l\ﬁ

IMF RON ALU

JMPZ Inlp Outlp uint2

OutlF

CutR

uintg l:l

StateFlow

uint8

RET RSN
MOV A B

MOV B,A

CHG AB

ADD AB

SUB A.B

ORAEB
XOR AB

3=

DEC A

B

Puc.4.40. Moaenbs MEUKpOIIPOLECCOPHOTO SApa € YIPABIISIOIUM aBTOMATOM B CUCTEME

Matlab/Simulink



Tabmuma 4.7

M-daitn u kon ynpasistoniero aromara Ha si3bike VHDL

M-¢aiin ynpasiasiomero aBromaTta
B cucreme Matlab/Simulink

Ynpapasiromuii aBTOMAT HA A3bIKE
VHDL, koa xoToporo no.ry4en ¢
nomomnio Simulink HDL coder

1

2
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function [outA, outB, outR, outlp] =
alu(inCmd,inData,inA,inB,inlp,inR)

OUtA = inA;
outB = inB;
outR = inR;
outlp = inlp+1;
switch inCmd
%NOP
case 0
%JMP
case 1
outlp = inData;
%JMPZ
case 2
if inA ==
outlp = inData;
end
% CALL
case 3
OutR = inlp+1;
outlp = inData;
% MOV A, XX
case 4
OutA =inData;
% MOV B,xx
case 5
outB = inData;
case 6
switch inData
%RET
case 0
outlp = inR;
%MOV AB
case 1
outA =inB;
%MOV B,A
case 2
outB = inA;
%XCHG AB
case 3
X =inB;
outB = inA;
OutA = X;

LIBRARY ieee;

USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;
ENTITY ALU_entity IS

PORT (

inCmd : IN std_logic_vector(7
DOWNTO 0);

inData : IN std_logic_vector(7
DOWNTO 0);

inA . IN std_logic_vector(7 DOWNTO
?%B - IN std_logic_vector(7 DOWNTO
?r%lp : IN std_logic_vector(7 DOWNTO
iOrZi? - IN std_logic_vector(7 DOWNTO

0);

OUtA : OUT  std_logic_vector(7
DOWNTO 0);

outB : OUT  std_logic_vector(7
DOWNTO 0);

outR : OUT  std_logic_vector(7
DOWNTO 0);

outlp: ouT std_logic_vector(7
DOWNTO 0));

END ALU_entity;
ARCHITECTURE fsm_SFHDL OF
ALU_ entity IS
BEGIN
PROCESS (inCmd, inData, inA, inB,
inlp, inR)
BEGIN
OUtA <= inA;
outB <=inB;
OutR <=inR;
outlp <=inlp+1;
CASE inCmd IS
WHEN **00000000"*
--NOP
NULL;
WHEN '*00000001"
--JMP
outlp <= inData;
WHEN **00000010"
IFinA=0THEN
--JMPZ
outlp <= inData;
END IF;
WHEN **00000011" =>

>

>

>
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ITponomkenne tabmn. 4.7

1 2
%ADD AB -- CALL
case 4 outR <=inlp+1;
OUtA = inA+inB; outlp <= inData;
%SUB AB WHEN 00000100 =>
case 5 --MOV A xx
OutA = inA-inB; OUtA <= inData;
%AND A,B WHEN 00000101 =>
case 6 --MOV B,xx
outA = bitand(inA,inB); outB <= inData;
%0R AB WHEN '00000110" =>
case 7 CASE inData IS
OutA = bitor(inA,inB); WHEN 00000000 =>
%XOR AB -RET
case 8 outlp <=inR;
OutA = bitxor(inA,inB); WHEN "00000001"" =>
%DEC A --MOV A,B
case 9 OUtA <=inB;
OUtA = inA-1; WHEN 00000010 =>
end --MOV B,A
end outB <=inA;
WHEN "00000011"" =>
--XCHG AB
outB <= inA;
OUtA <=inB;
WHEN 00000100 =>
--ADD A,B

OUtA <= inA +inB;
WHEN "00000101" =>
--SUB AB
OUtA <=inA - inB;
WHEN "00000110" =>
--AND A,B
OoutA <=inA AND inB;
WHEN "00000111" =>
--ORAB
OoutA <= inA OR inB;
WHEN "00001000" =>
--XOR AB
OuUtA <=inA XOR inB;
WHEN "00001001" =>
--DEC A
OUtA <=inA-1;
WHEN OTHERS => NULL;
END CASE;
WHEN OTHERS => NULL;
END CASE; END PROCESS;
END fsm_SFHDL,;
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Ilepexon - 3TO JMHUA CO CTPEIKOW, COEAMHAIONIAS OJUH
rpadudecKkuii 00BEKT ¢ ApyruM. B OOJIBITMHCTBE CilydaeB Mepexo]
MPEJICTaBIISIET CKAYOK CUCTEMBI U3 OJHOTO peXHMa (COCTOSTHUS) B
npyroil. Ilepexon coeauHsieT OOBEKT-UCTOUHUK C OOBEKTOM-
aapecatoM. OOBEKT-UCTOUYHHUK - OSTO MECTO, TIe Mepexo]
HauMHaeTcs, OOBEKT-aJpecaT - OSTO MECTO, TAe Mepexo]
3akaHuuBaerca. llepexoapl 1O COCTOSHMAM XapaKTEpPU3YIOTCS
MeTKaMu. MeTka MOKeT BKJII0YaTh B ce0sl UMs COOBITHSA, YCIIOBHE,
NeiicTBUE YCIIOBUSL W/WiM JedcTBue mnepexona. [lepBonauanbHO
MIePEX0/Ibl TOMEYAIOTCS CUMBOJIOM (?).

MeTku mepexoia UMEIOT CIEAYIOIIMM OCHOBHOU (opmar:
event[condition]{condition_action}/transition_action. JIrobas yacts
METKH MOKET OTCYTCTBOBaTh. Y CJIOBHSI - 3TO OyJieBbI BBIPAKEHUS,
KOTOPBIE JOJDKHBI OBITh UCTUHHBI JUIS OCYILIECTBJICHUS Mepexoja.
YcnoBus 3akiovaroTcss B KBaapatHbele ckoOku ([]). Hampumep,
ycnoBue [INA==0] nomkHO OBITh HMCTUHHBIM IS TOTO, YTOOBI
MIPOU30IILIO IEUCTBUE YCIOBUS U IIEPEXO CTATT BOZMOKEH.

JeficTBUS yCIOBHI CIENYIOT 3a YCIOBHUSMU U 3aKITFOUAIOTCS
B (Qurypusie ckoOku ({}). OHH BBINONHIIOTCS TOTAQ, KOTAA
YCIIOBUE CTAHOBHUTCSI UCTUHHBIM, HO TIEpel TEM, Kak Mepexoj
ocymlecTBuTcs. Ecim HM  OJHO yCIOBHE HE OINpPEAeIEHO,
MOAPa3yMeBAEMOE YCIOBHE MTPUHUMAETCS 32 UICTUHHOE U JE€HCTBUE
BeinonHseTcs. Ecnmu ycnmosue [INA==0] ucTtuHHO, TO IeHCTBUE
{OutlP=InData} Heme//IcCHHO BBIMOIHSIETCS.

JIuHMA cO CTpeNKOoW M TOYKOM Ha KOHIIE 3TO Oe3yCIIOBHBIHI
EePEXO. besycnoBHbIE MepPeXO/Ibl MIPEUMYILIECTBEHHO
UCIIONB3YIOTCSA I ONPENEICHUsl, KaKoe I0CIeq0BaTEIbHOE
COCTOSIHME JIOJKHO CTaTh aKTUBHBIM, KOTJIa €CTh HEOTHO3HAYHOCTh
Mexay nByms wiu Oonee WJIM-moacoctossuusimu. be3ycioBHbIe
Mepexo/ibl HUMEIT OOBEKT-aJpecaT, HO y HHUX HET O0OBeKTa-
HMCTOYHHKA.
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Tey

INST
OutlP=InP+1; ;
Readinst
/“_—'_'_7_'_
&
[InCmd==1]
[InA==0]
InCmd=x=( {OutiP=InData;}
1 | oA
TMPZ °F =l |outR=inIP+1;
NOP é’"ﬁp i QutiP=inData;
utlP=InData;

eM
a=b_and{al,b1) eM
a=b_or(al,b1)

el
a=b_xor(albl)

In&t=T0f

s

| ADD 5 (nDat LN
= = = [InData==4
OutA=InA+InB 1 InData==5]
SuB
_lout&=InA-InB;

AND 7 [[InDrata==5]
Quta=b_and(inA,InB);

oR
OutA=b_or(inA InBY;

" KOR o i
OutA=b_xor(ina, InB [InData==8]

L, DEC o o
Outa=inA-1; = [InData==5]

Y

Puc.4.41. Yupasmsromuii asromar (010 AJIY) co3aanHbli ¢ momoIbsio mpunokenus StateFlow
cucrembl Matlab/Simulink B pexxume otmaku
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Puc.4.42. BpemeHHble AuarpaMMbl pabOThl MOJIETH MUKPOIIPOLIECCOPHOTO sI/ipa B CUCTEME
Matlab/Simulink



Ha puc.4.43 mnokazaHo MHUKPONPOLECCOPHOE SAAPO C
acuaxpoHHbM [13Y B 6asuce TIJIMC Stratix 11 8 CAITP Quartus 11,
KOJI sI3pIKa KOTOPOTO IOJyYeH ¢ mcmoiab3oBanueM Simulink HDL
Coder cucremsr Matlab/Simulink. TI3Y, aemmdparop komaHm —
KOMOWHanuoHHbIe ycTporicTBa, peructpel RON, RSN u ALU —
CHHXPOHHBIE ITOCIIEIOBATEILHOCTHBIE ycTpoiicTBa. [l onucanus
VIPaBIIONIET0  aBTOMaTa  MHKpomporeccopa (mpumep 1)
UCTIOJIB3YIOTCS TIEPEUMCIIUMBIC TUIBL. [lepeunciiuMplii THIT YacTo
UCTIONB3YeTCs 11l 0003HAYCHHSI COCTOSIHHI KOHEUHBIX aBTOMATOB.

Anammsupys konq VHDL wmoxHO cnenath BBIBOJ, UTO
CTCHEpUPOBAaH CUHXPOHHBIA aBTOMAT C ACHHXPOHHBIM BXOJOM
reset (akTUBHBIN — BBICOKUI YPOBEHB) U C CHHXPOHHBIM CHUTHAJIOM
paspemienuss  taktupoBanus  Clk_enable.  ®yHkioHagbHOE
MOJICIUPOBaHKEe  pabOThl  MHKPOIPOLIECCOPHOTO  sipa ¢
acuHXpOHHBIM [I3Y U CHHXPOHHBIM YIPABISIONIMM aBTOMAaTOM B
6asuce [TJINC Stratix 11l mokaszano Ha puc.4.44.

Jlns cpaBHeHus, Ha puc.4.45 mok3aHO (PyHKIMOHATBEHOE
MOJeNUpoOBaHKe  pabOTbl  MHKPOIPOLIECCOPHOTO  siipa ¢
acuHXpOHHBIM [I3Y U acHHXPOHHBIM YIPABISIONIUM aBTOMAaTOM B
6asuce ITJIUC Stratix Ill. BuaHo, 4T0 MHKpPOIPOLIECCOPHBIE SIIpa
paboTaroT OJMHAKOBO, HO ISl MUKPOMPOIECCOpPa C CHHXPOHHBIM
aBTOMAaToOM TpeOyeTcss OOJNbIlee YUCIO TAaKTOB Ha OTPaOOTKY
KOMaHJ M [0 pa3HOMY BBINMOJHAETCS KoMaHzaa ¢ kogom 0600H
(RET). Ha StateFlow- muarpamme MOKHO 1O HHOMY OpPTaHH30BaTh
BBHITIOJTHEHHE KOMaH bl BBI30Ba U BO3BpaTa U3 MOANPOrpaMMel. J{is
koMauael CALL: OutR=InIP u xomammer RET: OutlP=InR.
Ceenenus mo ucrnonb3yemMbiM pecypcam [IJIMC mpencraBieHbl B
Tabn.4.8.
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L iall

clk OutIP[7..0]
clk_snzbls OutR[7..0]
resst OutA[7..0]
InCrdl7..0] OutB[7..0]
InDiata[7..0]
InIF{T..0]
D Dl st . InR[T..0]
L . -,.. InA[7..0]

........................ .. — InB[7..0]

. i Deshifrator_comand

InCmd[15..0] OutCmd[T..0]

B OutDatal7.0]

........ Lo st
RON . ..

olk Qutlpl7..0] P L IDIIIIIIIIIIIIIIIIIIIIIT

reset CutR[7..0] FE T

cle OutA[7..0]
reset OutB[7..0]

e X [

enb
InA[7..0] - T N S

87, ] . . e I SR R SRR SRS SRS OSSR D RS

Puc.4.43. MuxkpormnpoiieccopHoe siipo ¢ aCHHXPOHHBIM [13Y ¥ CHHXPOHHBIM YIPaBISIONIIM
aBTomaroM B Oasuce [TJIMC Stratix Il 8 CAIIP [TJIMC Quartus II, kof si3pIka KOTOPOTO MOTy4eH
¢ ucnonp3zoBanueM Simulink HDL Coder cuctemsr Matlab/Simulink



LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;

ENTITY ALU IS
PORT (

clk : IN std_logic;
clk_enable : IN std_logic;
reset : IN std_logic;
InCmd : IN std_logic_vector(7 DOWNTO 0);
InData : IN std_logic_vector(7 DOWNTO 0);
InIP : IN std_logic_vector(7 DOWNTO 0);
InR : IN std_logic_vector(7 DOWNTO 0);
InA : IN std_logic_vector(7 DOWNTO 0);
InB : IN std_logic_vector(7 DOWNTO 0);
OutlP : OUT std_logic_vector(7 DOWNTO 0);
OutR : OUT std_logic_vector(7 DOWNTO 0);
OutA : OUT std_logic_vector(7 DOWNTO 0);
OutB : OUT std_logic_vector(7 DOWNTO 0));

END ALU,;

ARCHITECTURE fsm_SFHDL OF ALU IS

TYPE T state type is ALU is  (IN_.NO_ACTIVE_CHILD,
IN_CALL, IN_COMM, IN_INST, IN_JMP, IN_JMPZ, IN_MOVA,
IN_MOVB, IN_NOP, IN_ReadInst);

TYPE T _state_type is COMM is (IN_NO_ACTIVE_CHILD,
IN_ADD, IN_AND, IN_DEC, IN_MOVAB, IN_MOVBA, IN_OR,
IN_RET, IN_SUB, IN_XCHG, IN_XOR);

SIGNAL is_ALU : T_state_type_is_ALU;

SIGNAL is COMM : T_state_type_is COMM,;
SIGNAL OutlIP_reg : unsigned(7 DOWNTO 0);
SIGNAL OutR_reg : unsigned(7 DOWNTO 0);
SIGNAL OutA_reg : unsigned(7 DOWNTO 0);
SIGNAL OutB_reg : unsigned(7 DOWNTO 0);
SIGNAL is_ALU_next: T_state_type_is_ALU;
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SIGNAL is COMM next : T_state_type_is COMM,;
SIGNAL OutlP_reg_next : unsigned(7 DOWNTO 0);
SIGNAL OutR_reg_next : unsigned(7 DOWNTO 0);
SIGNAL OutA _reg_next : unsigned(7 DOWNTO 0);
SIGNAL OutB_reg_next : unsigned(7 DOWNTO 0);
BEGIN
initialize_ ALU : PROCESS (reset, clk)
-- local variables
BEGIN
IF reset ='1' THEN
is_ COMM <=IN_NO_ACTIVE_CHILD;
OutlP_reg <= to_unsigned(0, 8);
OutR_reg <=to_unsigned(0, 8);
OutA _reg <=to_unsigned(0, 8);
OutB_reg <=to_unsigned(0, 8);
is_ ALU <= IN_ReadInst;
ELSIF clkEVENT AND clk="1' THEN
IF clk_enable="1' THEN
is_ ALU <=is_ALU_next;
is COMM <=is COMM _next;
OutlP_reg <= OutlP_reg_next;
OutR_reg <= OutR_reg_next;
OutA _reg <= OutA_reg_next;
OutB_reg <= OutB_reg_next;
END IF;
END IF;
END PROCESS initialize_ALU,;
ALU : PROCESS (is_ ALU, is COMM, OutlP_reg, OutR reg,
OutA_reg, OutB_reg, INCmd, InData, InlIP, InR, InA, InB)
-- local variables
BEGIN
is_ ALU next<=is ALU;
is COMM_next <=is_ COMM,;
OutlP_reg_next <= OutlP_reg;
OutR_reg_next <= OutR_reg;
OutA _reg_next <= OutA _reg;
OutB_reg_next <= OutB_reg;
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CASE is_ALU IS
WHEN IN_CALL =>
is_ ALU_next <= IN_ReadInst;
WHEN IN_COMM =>
is_COMM _next <= IN_NO_ACTIVE_CHILD;
is_ ALU_next <= IN_INST;
OutlP_reg_next <= unsigned(InlIP) + 1;
WHEN IN_INST =>
is_ ALU_next <= IN_ReadInst;
WHEN IN_JMP =>
is_ ALU_next <= IN_ReadInst;
WHEN IN_JMPZ =>
IF unsigned(InA) = 0 THEN
OutlP_reg_next <= unsigned(InData);
is_ ALU_next <= IN_ReadInst;
ELSIF unsigned(InA) /= 0 THEN
is_ ALU_next <= IN_INST;
OutlP_reg_next <= unsigned(InlIP) + 1;
END IF;
WHEN IN_MOVA =>
is_ ALU_next <= IN_INST;
OutlP_reg_next <= unsigned(InlIP) + 1;
WHEN IN_MOVB =>
is_ ALU_next <= IN_INST;
OutlP_reg_next <= unsigned(InlIP) + 1;
WHEN IN_NOP =>
is_ ALU_next <= IN_INST;
OutlP_reg_next <= unsigned(InlIP) + 1;
WHEN IN_ReadInst =>
IF unsigned(InCmd) = 6 THEN
is_ALU_next <= IN_COMM;
IF unsigned(InData) =1 THEN
is_ COMM_next <= IN_MOVAB;
OutA_reg_next <= unsigned(InB);
ELSIF unsigned(InData) =0 THEN
is_ COMM_next <= IN_RET;
OutlP_reg_next <= unsigned(InR) - 1;
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ELSIF unsigned(InData) = 3 THEN
is. COMM_next <= IN_XCHG;
OutA _reg_next <= unsigned(InB);
OutB_reg_next <= unsigned(InA);
ELSIF unsigned(InData) = 2 THEN
is. COMM_next <= IN_MOVBA,;
OutB_reg_next <= unsigned(InA);
ELSIF unsigned(InData) = 4 THEN
is. COMM _next <= IN_ADD;
OutA _reg_next <= unsigned(InA) + unsigned(InB);
ELSIF unsigned(InData) =5 THEN
is COMM_next <= IN_SUB;
OutA _reg_next <= unsigned(InA) - unsigned(InB);
ELSIF unsigned(InData) = 6 THEN
is. COMM_next <= IN_AND;
OutA _reg_next <= unsigned(InA AND InB);
ELSIF unsigned(InData) = 7 THEN
is COMM _next <= IN_OR,;
OutA _reg_next <= unsigned(InA OR InB);
ELSIF unsigned(InData) = 8 THEN
is COMM _next <= IN_XOR,;
OutA _reg_next <= unsigned(InA XOR InB);
ELSIF unsigned(InData) =9 THEN
is COMM _next <= IN_DEC;
OutA _reg_next <= unsigned(InA) - 1;
END IF;
ELSIF unsigned(InCmd) =5 THEN
is_ ALU next <= IN_MOVB;
OutB_reg_next <= unsigned(InData);
ELSIF unsigned(InCmd) = 4 THEN
is_ALU_next <= IN_MOVA;
OutA_reg_next <= unsigned(InData);
ELSIF unsigned(InCmd) = 3 THEN
is_ALU_next <= IN_CALL;
OutR_reg_next <= unsigned(InlIP) + 1;
OutlP_reg_next <= unsigned(InData);
ELSIF unsigned(InCmd) = 2 THEN
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is_ ALU next <= IN_JMPZ;
ELSIF unsigned(InCmd) =1 THEN
is_ ALU_next <= IN_JMP;
OutlP_reg_next <= unsigned(InData);
ELSIF unsigned(InCmd) = 0 THEN
is_ ALU_next <= IN_NOP;
END IF;
WHEN OTHERS =>
is_ ALU_next <= IN_ReadInst;
END CASE;
END PROCESS ALU;
OutlP <=std_logic_vector(OutlP_reg_next);
OutR <=std_logic_vector(OutR_reg_next);
OutA <= std_logic_vector(OutA_reg_next);
OutB <=std_logic_vector(OutB_reg_next);
END fsm_SFHDL,;
IIpumep.1. Kon s3pika VHDL ymnpapnsomero aBromata MOZIEIH
MUKpOIIpOIlecCOpHOro  siipa Ha StateFlow, momyueHHBIH C
ncnonb3oBanreM Simulink HDL Coder cuctemsr Matlab/Simulink

[Mpunoxenune Simulink HDL coder anst paspaboTaHHOro
YIPaBISIOLIET0 aBTOMaTa MMKPOIPOLIECCOPa, IMOCTPOEHHOIO C
nomoipro  StateFlow cucremsr  Matlab/Simulink, mo3sonser
creHepupoBaTh ko[ si3bika VHDL cMHXpOHHOTO aBTOMATA.

Cuctema  BU3YaJbHO-UMMTALMOHHOTO  MOJEIMPOBAHUS
Matlab/Simulink ¢ npunoxenusmu StateFlow u Simulink HDL
Coder moxeT ObITh (G(PEKTUBHO HCIOIb30BaHA Ui YCKOPEHHUS
npoiiecca pa3paboTKH MoJieNiell MUKPOIPOLIECCOPHBIX sep.

[IpoexT Mukpormnporueccopa ¢ acHHXpoHHbIM [I13Y Ha s3bIke
VHDL wmoxer ObiTh ycmemnuo pasmemen B [IJIMC Stratix Il
EP3SL50F484C2, mpu »TOoM oO0IIee YMCIO 3aJeiCTBOBAHHBIX
JIOTUYECKUX pecypcoB cocTaBisieT MeHee 1 %.
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Tabmuia 4.8

Hcnonw3yemsl pecypent [TJIMC Stratix 111 EP3SL50F484C2

IIpoexkT Jloruueckue pecypchbl MakcumajibHa
AjanTuBHbIE BrlaesieHHBI 1 TAKTOBas
TabdIUIbI € TpUITepsbI 4acToTa
NnepeKoaUpPOBOK JIOTHYEeCKUX CHUHXPO-
ALUTS, pus 3JIEMEHTOB CUTHAaJIA,
peanu3anuu fraxcLi s
KOMﬁl/lHaHl/IOIijI MTn
X GpyHKUUiA
ACHHXPOHHOE
3y, 82 26 360
ACHHXPOHHBIM
yHpaBJISIOIIN
i apTOMar
(M-dpaiis)
ACHHXPOHHOE
3y, 103 59 275
CUHXPOHHBIH
yHpaBJISIOIIT
i aBTOMAT
(StateFlow)
B nmaHHOW r7aBe NOKa3aHbl OCHOBBI IPOEKTUPOBAHUS

MHUKPOIPOLIECCOPHBIX sijiep i peanuzauuu B Oasuce [IJIMC c

HCIIOJIBb30BAHHUEM CHUCTCMHOI'O YPOBHHA MMPOCKTUPOBAHUA C
IMPUBJICYHCHUCM CHUCTCMBI BU3YAJIbHO-UMMHUTAIUOHHOT'O
MOACIINPOBAHUA AHAJIOT'OBBIX u AUCKPCTHBIX CUCTEM

Matlab/Simulink. PaccmarpuBatoTcsi pasiauuHbIe TOJIXOABI B
NPOCKTHUPOBAHUHU YIIPABISAIONIETO aBTOMAaTa MHUKPOIPOIIECCOPHOTO
aapa: Ha s3eike VHDL, ¢ wucnonb3oBanmem rpaduueckoro
NPE/CTaBICHUS KOHEYHOTO aBTOMAra C TOMOIIBI MPUIOKCHUN
StateFlow u Simulink HDL coder, ¢ ucnionszoBanuem M-daiinos
cucremslr Matlab/Simulink.
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3AKVIIOYEHUE

B ydyeObHOM mocoOuu Ha OOMIMPHOM WILTFOCTPATHBHOM
MaTepuaie IMOKa3aHbl METOAbl 00pabOTKH LU(POBBIX CUTHAIIOB
b6asuce IIJIMC c¢ ydyeToM apXUTEKTYPHBIX OCOOCHHOCTEH C
IMPUMEHEHHEM BBICOKOYPOBHEBOT'O SI3bIKA OIMCAHUS amapaTHBIX
CPEICTB.

W3noxeHbl OCHOBBI MPOEKTUPOBAHUS LUPPOBBIX (PHIBTPOB
C KOHEYHO-UMITYJIbCHOM XapaKTepUCTUKON KakK C HCIOIb30BAaHUEM
METOJla YMHOXEHHSI C HAKOIJICHMEM, XapaKTepHbIM  JUIS
mporeccopoB  muGpoBoil  00pabOTKM CUTHAJIOB, TaKk MW C
UCIIONIb30BAaHUEM TEOPUU PACHPEICICHHON apu(PMETHKH s
peanu3anuu B 6azuce [1JIVC.

PaccmoTpen anroputMm peanu3anuud YMHOXEHHS METOJIOM
IpaBoro CABUTa U CIOXKEHUS C HakormeHuem. JlaroTcs
npakTH4eckue mnpumepbl mnpoektupoBanuss KUX-dpunstpoB Ha
nocneaoBarenbHon pacnpenenennoi apudmerrnke B CAIIP ITJIMC
Quiartus Il kommanuun Altera.

[Tpu pa3pabotke koHeuHBIX aBTOMaTOB B 6azuce [1IJIMC nHa
s3pike VHDL  HamOoniee 3(Q(EKTUBHBIM PEIICHUEM  SIBIISICTCS
UCIIONIb30BaHNE HESBHOTO CTHIISA KOJUPOBAaHUS WIH SIBHOTO C
npuMeHeHreM — atpubyra  Syn_encoding ¢ BBIOJHEHHEM
komnuisiTopoM-cuatezatopom CAITP Quartus |l MuHMMH3anmu
JIOTUYECKUX pecypcoB. MeToa KOIWPOBAHUS C OJHUM aKTUBHBIM
cocrosiHueM npumenutenbHo K [IJIMC maet BO3MOKHOCTH CTPOUTH
KOHEYHbIE aBTOMAaThl, KOTOpble B OOIIEM ciydae TpeOyroT
MEHBIIUX PECYPCOB U OTIMYAIOTCS 00Jiee BBICOKMMU CKOPOCTHBIMU
MOKAa3aTeIsIMM, YeM aHAJIOTMYHBIE KOHEYHBIE aBTOMAThl C
JBOMYHBIM  KOJWPOBAHHEM COCTOSHUH. VYIeIeHO BHHUMaHUeE
UCIIONIB30BaHMI0  IHU(POBBIX  AaBTOMATOB B TEXHOJOTHH
nepugepuitnoro ckanuponanus NC.

PaccMoTpensl paznuyHbIE TOAXOABl B MPOSKTHUPOBAHHUH
YIIPaBIISAIOUIET0 aBTOMAaTa MHKPOMPOLIECCOPHOTO sJIpa: Ha S3bIKe
VHDL, ¢ wucnonp3oBaHueM TIpadUuecKkoro IpecTaBICHHS
KOHEYHOI'0 aBTOMara C TMOMOIIbi0 npuioxenud StateFlow wu
Simulink HDL coder, ¢ wucnonp3oBanuem M-daiinoB cucrembl
BU3YaJIbHO-UMHTAIMOHHOTO MoaenmpoBanus Matlab/Simulink.
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